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The principle* of biological microtechnique may perhaps be re- 
duced to one — the prmaple that when we make a microscopical 
preparation of any sort, we ought to try to undentand what we are 
doing, for otherwise we shall examine an unknown object that has 
been treated m an unknown way A scientific outlook has been 
introduced into certain branches of our subject, particularly histo- 
chemistry but there are otherim which rule of thumb rules mdecd. 
One think* at once of the most ordinary processes of the histo- 
logical or cytologies! laboratory of firstion, embedding dyemg 
and mounting Here the empirical outlook is often manifest, and 
some workers are content to follow the recipe book blmdJy, as 
though a scjentrfic result could be obtained by unsacntific means, 

A >'ery long book — and a \'efy learned author — would be neces- 
sary if the attempt were made to iDustrate the principle* of rmcro- 
technique by a ftiU consideration of all it* branches. It seens best 
to concentrate on the most familiar processes, so that the pnnaples 
may find most frequent appbcation in practice. In fixation and m 
dyemg the tissues are retpenswe they react to what we do to them. 
In embedding and mountmg they are more passi\‘e allowing us 
to surround them with what wc will I therefore choose fixation 
and dyeing as bemg even more interesting than the other familiar 
branches of microtechnique. I hope that a study of the pnnaples 
that should guide us m these branches may engender an outlook 
toward* microtechiuque that will find application m a wider fidd. 
Thi* outlook IS at least as neccaaary when Uatue* arc prepared for 
the electron microscope a* in our more homely endeavoura withm 
the realm of light. 

The book is addressed to research workers, teachers, and 
students m the fields of paftiology histology c}tolog}, roology, 
and botanj The primary mtentjon has been to make it os useful 
and attractn'C as possible to the consecutive reader but certim 
feature* have been mtroduced to help the casual inquirer Thus 
there are numerous cross-refer en ces and rather a lot of repetitions. 
Three ofthe chapters (5 6 and 9) can be used as though the) ucrc 
parts of a work of refe rence. A ftiU index is pronded 
vu 
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PREFACE 


This IS m no sense a text-book. There is, I hope, nothing dog 
matjc m it. Its purpose is as much to show the gaps in knowledge 
as to knit together what is surely known. Tlie possibilities for re 
search in microtechnique seem endless, and e\ery effort has been 
made to point out as many of them as possible. 

The book contains a good deal of new material of three sorts 
First, there are new contributions to the theory of fixation and d3re- 
ing Secondly, there are many factual observations that ha^c not 
been published prcvibusly TTurdly, the Appendix contains full 
dcscnptions of new expenraents illustrating the principles under- 
lying the processes of fixation and djcing Most of these can be 
earned out in practical classes 

There is m the whole book no practical instruction on how to 
make a microscopical preparation. For this the reader should turn 
to one of the excellent guides to the subject, such as Longeron s 
Pricu de mcrcicopte,**^ or Pantin’s NoUt on mcroscopicol ttchmqut 
for zoologists ^ 

Apart from my emm little book on Cy toJogieal tethmque,*^ I knots 
of only three that cover more or less the same field as the present 
work These are Fischer s Ftxurung Farbung und Bau des 
Protoplasmas (1899) Mann s PkyttologuaJ Histology (1903),®* 
and Zeigers Physikochemiscfu Grundlagm der hutologisHien 
Methodik (1938) There carmot be many equally important 
fields of sacncc to which so few books have been devoted — and 
those few of such ment as these three 

In the histoncal parts of the book I hat c adopted the usual con 
vention of giving os the date of a disccft eiy the j car in tt hich it tt-as 
first made known m prmt 

AcknoroUdgemsnls It was Mr Frank Sherlock, Head Technician 
of the Department of Zoology Oxford who first gave me instruc- 
tion m microtechnique, and 1 hate alti-ays owed a debt of gratitude 
to him. Dr H. M Cwlcton w'as generous tvith good adnee through 
out our assoaation of thirty five years. Prof A C Hardy F R-S 
has encouraged cytological studies in his Department and I am 
thankful for all that he has done to help me Dr M Wolman 
generously sent me the proof of his article on fixation**^ before it 
tvas published One learns best perhaps, by continual association 
mth hvcly young mmds, and it iiM been my good fortune for many 
years to have a splendid succession of research pupils from many 
lands to whom I owe much. I have altvays been luckv in my assist 
ants and must particularly mention Mrs B M Jordan Luke, 
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whose tluU m rmcrotechmque has been of great benefit in my re- 
search She has given much practical help m conncnon with the 
eipenments described m the Appendix. Mrs J A. Spokes has 
helped me with this book more than anyone else, by actmg as my 
secretary with uniform accuracy and good nature. Several of the 
illustrations have been copied photographically from old books and 
journals, Mr P L. Small and Mr J S Haywood have taken a lot 
of trouble to produce as good copies as possible Dr W G B 
Casselman has most kmdiy made seve ra l readings of the oxidation- 
potentials of fixatives specially for this booL 

I take the opportunity of mentioning the benefit I have dcn\-ed 
during the last eleven yean from ray association with Dr C F A 
Pantin, F R.S m jomt editorship of the Quarterly Journal of 
Mteroscopical Science 

John R. Baker 

Cytchgical Laboratory 
Department of Zoology 
Unwerxiiy Museum^ 

Oxford 


PortsenpL — The reprinting of the book has enabled me to 
correct a few small errors and to delete three short passages but 
there has been no major change. 


November 1959 


J R. B 
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FIXATION 




CHAPTER I 


Introduction to Fixation 


E>eiy cytological In^c»t]gatlon should start if possihlr tlir 
study of the linng cdL A lot of useless contro\en> would Iia\c 
been a\T3jded if this guiding pnnaple had been olicjetl for too 
much reliance has been placed on the study of dead cells. It ma) 
be queried, then wh) \ee do not restnet ourseli’cs to tJic studj of 
linng matenal There sre four mam reasons, 

(i) \Mien tissues arc cut m thin sections it is \cr) eas) to 
determine the relations of the cells to one another and to the inter 
cellular material the structure of the cells themselves is often ver) 
clearly revealed Some kmds of cells cannot be isolated for vital 
study and these ore best examined in sections There are usually 
practical difficulties in cutting sections of iiv'ing tissues thin and 
uniform enough for convenient microscoplal studj and anjliow 
linng cells arc necessarily damaged by bong div id^ It is eavj to 
cut thin, uniform sections of dead tissues that liavc been treatetl 
in particular vraj-s, 

(a) Although vital colounng pves very important information 
yet It IS not a method of general opplication for many tivuie con 
stituents arc not revealed bj it. Almost all the conviltuentv of dead 
tissues can be dyed in bnlliant, contrasting colours 

(3) Fevv histochemical tests arc applicable to living ccIN 

(4) It u convenient to have permanent preparations 

c need an understanding of the kinds of cliangcs that proto- 
plasm undergoes when the processes of microtechnique arc 
applied to it armed with that, we can profit grcatlj from the study 
of dead matenal Such understanding presupposes famiHantj 
with living matenaL In this book we arc not directly concerned 
With the techniques used in the studj of linng matenal except 
those of vital colounng but a general knowledge of the structure 
of Imng cells will be assumed throughout \\c shall consider witat 
happens to the linng cell when it is.fixcd ind to tlic fixed cell 
when It IS dved 
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INTRODUCTION TO FIXATION il 

should be undertaken to find new unproved presemtivea but the 
fubject docs not fall within the scope of this book, 

A fixdwe must do everything thst s preservaDve does, and 
something else as welL Wc do not say that we fix a door open 
when we merely open rt fixing nnphea that we take action to 
ensure that it wilJ retain its position when other forces subsc 
quently act upon iL Similarly the essence of fixation is that the 
various tlssue^constitucntB are modified m such i way that they 
retain their form aa nearly as possible when the ossuc is subjected 
to treatment that would have damaged them m their mittal state. 
It follows that fixation ts a forward looking process it exists onfy 
m relaoon to subsequent events. 

The subsequent event irv which the early microscopists were 
chiefiy mterested was the cutting of sections with t hand razor 
They wanted tbovc all to make the tissues hard, and they called 
the process *hardening Some of thor hardening fluids are used 
as fixatives to the present day When it was discovered that the 
necessary support could be given to the tmucs by embeddmg 
them m colio^on or other media, less emphasis was placed on 
harden mg and the term fixation came mto general use m the early 
eighteen-eighties.^^ 

In modem microtechnique the processes agamst which it is 
espeaany importint that tistues should be protected are cm 
biding, aectioiimg, and mounting Tlie first and last named 
often involve dehydration, which has a strong tendency towards 
distortion embedding often requires a high temperature section 
mg can cause mechanical danuge (especially cracking and 
crumbling) A fixative u a fluid that atabilcMs the tissue-constitu 
ents as far as possible igainst these and other potentially damaging 
pro cess es 

Although this a the pnmary function of fixatives, yet there are 
others, scarcely lets important In particular roost fixatives make 
the tissues much more easily colourable by dyes than when they 
were alive, and colourable m particularly informative ways. After 
suitable fixation almost every part of ^e ceil and of the inter 
ceDular nutenal can be dyed, often with great selectivity so that 
naghbounng parts show up brilhantly m different colours. 
Chromatm, which is scarcely colourable during life, is one of the 
most easily dyed of all tissuc-constmicnti after fixation. The 
wealth of our knowledge of cjtogenctica is to a large extent due to 
this fact 
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Living cytoplasm commonly has a refractive index (r i ) in the 
neighbourhood of i 353, that is to say, not ^cly much 

higher than that of the salme solutions m which cells arc commonly 
immcncd for vital study An aqueous solution of sodium chlonde 
at 0 9% has an r 1 of i 335 \\Ticn cells arc examined alne in 
such media, a ^Tater unmersion objective will give almost as good 
resolution as a first rate oil immersion objective, for the high 
numencal aperture of the latter will be partlj wasted One may 
surround living cells with innocuous media of the same r i as the 
cytoplasm ** and thus obtain slightly higher resolution (as well as 
gaming other advantages), but the difTcrencc will not be great As 
80on» however, as a fivativ'c acts a profound change occurs. The 
evidence suggests ** that the protoplasm is now represented by 
intcrlaang sub-microscopic fibres havang the r l of dr^ protein 
(about I 54) These fibres he in water, if the fixative is aqueous 
this can be replaced by media of any desired refractive index. If a 
medium of r i close to that of dry protein is used (Canada balsam, 
for instance) two results ensue almost perfect transparenej is 
obtamed (which may be modified as desired by the use of dj'cs), 
and oil immersion objectives can be used at their full aperture. 
This fact should not, however, be too strongly stressed for the 
makmg of a permanent rmcroscopical preparation mvol\*cs con 
ndciable shrinkage of the tissues of organisms (p 76) and this 
reduces or nullifies the advantage of higher microscopical rcsolu 
tion The advantage can be fully secured only if the object to be 
examined happens to be unshrinkable by the processes involved 
m making a permanent preparation The valves of diatoms provide 
an example. 

Some of the constituent parts of organisms do not require 
fixation because the) arc not subject to autolysis and ore resistant 
to bacteria and moulds and to most of the reagents ordinarily used 
m microtechmquc Examples arc chitin cellulose, scleroprotcins, 
certam morgamc crystals, and amorphous sihca Most such sub- 
stances not only do not need fixation but arc not acted upon by 
fixatives or if acted upon, may be dissolved (for instance, spiculca 
of calcium carbonate by fixatives contaimng aad) Manj fixativ'es 
leave droplets of tnglycende untouched these do not require to 
be fixed if no hpid solvent will be used subsequently 

Apart from such substances as these, it is the mam purpose of 
fixation to alter the tissue-constituents m such a wav as to render 
them no longer subject to autolysis, to decay through the action 
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of bactena or mouJda, or to distortion by subsequent tr e atm ents 
The framcTTOrk of the cell la of protem and diamteg rati on would 
occur instantaneously if this constituent were to disappear Neither 
hpld nor carbohydrate is essentia} for the cohesion of protoplasm. 
For this reason rt is ahvaya necessary to fix protem whether other 
substances are stabilized by s particular fixative or not. Fixation is 
therefore pmnarily the stabSiation of protein 

Fixation can be achieved other by chemical means or by the 
appbcation of heat The latter method involves the coagulation of 
protons. It tends to cause distortion and docs not commend itself 
as a general rule, m purely morphological studies It was especially 
recommended by Ehriich however, for the fixation of blood 
smears. He ad>'ised short treatment (i to 3 mm ) at no* C In 
a blood s m e ar the shape of the cells « anyhow distorted but the 
cell-contents may react with special clarity to dyea after heat- 
fixtnon The mrthod could probably be with advantage m 
many histochcnucal studies. Its possibfliae* have been somewhat 
overlooked 

FnatiOT by the use of reactive aubstances may be caDed 
chemical fixatwa for short, without prqudgcment of the question 
whether chemical fixatrvea necessarily pamapate in all cases in 
chemicai reactions with ussuc-constitucnts. Most of the sub- 
stances used for fixation are solids, used m aqueous solntion some 
are hqmds that on be used without the addition of water 

The number of substances that are really useful in chemical 
fixation is very smaD The substances may be divided into two 
major groups, according to dier effects on proteins. The memhera 
of the two groups can easily be distinguish^ by testing their effect 
on a solution of albumin (p 33) Some of them act, like heat, by 
coagulating the proton others do not The coagulant fixatives 
usually transform protoplasm into a network, while the non- 
coagulant do not. The pnnapal fixative substances are listed on 
p 24. The ones not marked absohite are used m aqueous sohiuon. 
(For the method of expressing percentage concentrations, sec 
Appendix, p 313 ) 

The names used m this list arc those of the undissolred sub- 
stances. These names will bo used throughout this book. Thus, 
fixation by mcrcunc chlonde or potassium dichromste must be 
understood to mean fixation by some or all of the vanous ions that 
are produced when mcrcunc chlonde or potassium dichromatc is 
m water (pp 99 and 136) This usage will be adopted for 
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two reason* First, for simplicity* it would be tedious to have to 
mention all the products of solution every time. Secondly, for 
accuracy m the statement of concentrations. If, for inttance, one 
add* distilled water to 0-5 g of chromium tnoxide to make roo ml 
of solution, the latter should not be called a 0*5% solution of 
chromic aad’, for the oxide takes up water m lonmng and 
the aad produced (cations plus anions) is present at more than 
0 - 5 % 
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In the experiment* described m the tucceedmg chapter*, the 
substance* were always u*cd at the concentrauona gi\en in the 
hst, except where the contrary is distinctlj’ itated. It will therefore 
be possible to omit racnoon of concentration and thus a\oid 
unncccstary repetition 

Non fixative or ‘mdiffercnt’ substances, such as sodium 
chlonde or sodium sulphate, arc often added to solutions of these 
fixatives The effects of this will be considered m a bter chapter 
(p 80) 

None of the listed substance* has all the qualities of a perfect 
fixative, and mixtures arc therefore made with the mtention of 
combining the virtue* of the ingredient*. Mott mixtures contam 
two or more of the listed tubstances, and often an indifferent 
■ubstance as well. The prmaples that should guide the design of 
fixative mixture* will be conndered m chapter 7 (p 139) 

Mixture* arc generally called by the name* of those who mtro- 
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8i7e enable us to judge the quality of fixation at the Ic\el of resolu- 
tion of the bght microscope. Thus, an object of microscopic size, 
known to be smooth m outhne in life, may appear irregular m an 
electron micrograph, and the irrcgulantica may be of such a size 
that they would have been visible with the light microscope in 
life, had they existed We have here clear evidence of faulty fixa 
tion for electron microscopy, and if the fixation is faulty at the 
microscopical level, we cannot trust it at the submicroscopicah 
So far as submicroscopical objects arc concerned, we have no 
direct means of knowmg whether a fixative is reliable or not. It is 
customary to rely upon a fixative that is known to give faithful 
stabilization of form at the microscopical level It would be safest 
not to rely on the submicroscopical detail shown m electron 
micrograph unless similar pictures arc gnen after fixation by 
sev'eral different fixatives, all known to be reliable at the micro- 
scopical leveL 

Many cytologists have examined separate hving cells with the 
hght microscope and noticed the changes produced m them when 
a fixative was run below the covershp The classical work of this 
kind was done by Strangeways and Canti (1927) with cultured 
cells, by dark ground microscopy The invention of the phase 
contrast microscope led to a whole senes of sunilar studies Such 
work IS of gr e a t mterest and value, but rt is of course an mcom 
plete way of studying fixation for only the primary artifacts arc 
usually studied and no evidence is obtained ahut the abflity of the 
fixative to stabilize the fonn of the cellular components against 
subsequent treatment. In fact, fixatives are not tested as such m 
these studies, but only as preservativea, 

A defect of the method described m the last paragraph is that 
the cells studied arc immediately exposed to ie action of the 
fixative. Now when a piece of tissue is fixed m the ordinary way 
the cells that are thus exposed and not protected by any special 
membrane (such as the free border of the mtcstmal cpithehum of 
vertebrates) arc often scnously distorted while those below 
protected as they are by overlying cells or membranes, are well 
fixed. Even m a piece of tissue only a millimetre or so m diameter, 
the great majority of the cells are not aupcrfioal. It therefore 
follows that one might rqect a fixative wrongly on the basis of 
observations made on separate cells. 

It IS realistic to test fixatives on small pieces of tissue that will be 
embedded and sectioned with subsequent dyemg and moimting 
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After fixatives have acted^ they roust be washed out of the tissues 
so as to prevent the formation of octnnsic artifacts by their mcom 
patibUity with fluids in which the tissue must subsequently be 
placed In some cases the fluids that must be used for other pur- 
poses (for instance, the alcohols used for dehydration) themselves 
act as solvents for a fixative, in other esses special methods of 
washing out roust be adopted. Since the methods of chramation 
arc specific to each fixative, they will be considered separately 
m chapters 5 and 6 

When a tissue has been fixed, one may sometimes wish to pre- 
serve It indefimtely before embedding TTiis applies cspecuUy on 
saenbfic expeditions, when there arc usually no faaUties for 
embedding The fixative itself may be unsuitable for mdcfinite 
preservation cither because it is volatile or because it will mentu- 
ally produce artifacts. In such coses a post fixation prcservati\c 
may be used. Solutions of jp-hydroxyb^oic acid and its esters 
arc suitable.*^ These fluids are of an entirely diiTercnt nature from 
the preservatives mentioned at the beginning of this chapter, for 
they are quite unsuited to the preservation of fresh tissues. 
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sol and the more vigorous the fixative the greater will be the tend 
ency of the coagulated particles to cohere in a single clot 

Some fixatives act m qurte a different vray Instead of coagulat 
mg they make protein sols more viscous or convert them into 
gels if ^e protem is already n gel, they stiffen and stabilize it In 
these processes there is no dissoaation of protem from tvater and 
therefore no production of surfaces that will scatter light Instead 
of a coaguhim there la a viscous sol or an aqueous gel, transparent 
unless opaque matter has been deposited from the fixative itself 

To observe the effects of fixatives on proteins it u convenient 
to begin with naked eye observations on what happens when they 
are added to globular proteins m the form of aqueous sols Expen 
ments of this kmd were made more than half a century ago by 
Fischer and Manm*** A convenient way of cnrying out such 
experiments is desenbed m the Appendix (p 315) The protem 
used IS egg albuimn 

For the benefit of those who may read this chapter without 
havmg read the first, it is necessary to say once more that m all the 
expenroents with fixatives deaenbed m this book, the substances 
were used at the concentrations shown on p 24, except where the 
contrary is distinctly stated. 

When a coagulant fixative is added to an albumm sol a coherent 
coagulum usu^y appears at once and occupies most of the space 
filled by the fliud m some cases (picnc aad roercunc chlonde, 
chromium tnoxide) it has fallen somewhat towards the bottom of 
the tube by the next day It is other white (ethanol, acetone, tn 
chloracctic aad, mercuric chlonde) or coloured (picnc and chloro- 
platmic aads yellow chromium tnoxide, orange) With methanol 
and mtnc aad it is at first m the form of a fine, white flocculus, the 
particles eventually cohere and mdeed mtnc aad produces m the 
end rather a firm dot, \Vith hvdrochlonc aad there is no immedi- 
ate flocculation but fine, white particles have begun to form within 
5 minutes, and they fill the space occupied by the fluid withm an 
hour the next day they are coherent and the tube can be held 
honxontalty without loss of water 

When formaldehyde, osmium tctroxide, potassium dichromate, 
or acetic aad is added to the albumm sol, no coagulum is formed. 
(Formaldehyde solution usually contains methanol and very 
sparse, fine partides are then formed in the flmd.) 

It must not be thought that non coagulant fixatives are neces 
sarily without effect on albumm siraply because they produce no 
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concentration as m tlie living cell, and both globidar and fibrous 
ones are present. 

Gelatinc/albumin gels arc stabilized agamst warmth by fixatives 
that will not stabilize gelatine alone. If gels that have stood m 
fixatives for i8 hours be rinsed and transferred to a Urge volume 
of water at 37" C, two hours Utcr they will present the appearances 
recorded in table i 


TABLE I 

Tht appearantes shotm by gelatm^foOnamn gtls soaM tn ttartous fixaisvfi 
for 18 hours and then left for a hours m water at 37® C 



for* of gtl 

CoofuIwU fijcalwes 
mcdunol 
ethuk^ 

•cetooB 
nitnc ftckl 
hvdiodilorie tad 
plarie »dd 
mcrcunc chlorido 
cfajomhrm trioxid« 

Origimi form roughlr mainttined 

very rooghly nulotimed 

FlcUened at bottom of Teasel 

Shapelesa maaa at bottom of Teaad 
Onglnaj form roughljr maintained 

Nvt^eoattdant fixatioa 
fonBsLdcbrde 
osmium tetroxide 
potstthm didiromsts 
scetie Ksd 

Origual form exactly mslntaiotd 
Corapietd^ diaaolred 

The appearances will be the 

same after four days. (The gel fixed 


with osmium tetroxidc was not observed beyond one day ) 

Certain facts stand out from the expenments with geUtine and 
gclatmc/alburam gels. The most obvious relate to the nonK»aga- 
lant fixatives. It is clear that two of these (acetic aad and potas- 
sium dichromate) do not fix these two protons, in the circum 
stances of the cxperiracnt, the other two (formaldehyde and 
osmium tetroxide) give much the best fixation of all the substances 
tned The strong mineral aads, though coagulant fixatives, give 
very feeble stabihxation of form. The other coagulant fixatives 
roughly stabilize the form of the gcL 

The reactions of most fixatives with nucleoproteins arc very 
different from those with albumin For the pioneer work on this 
subject, see Berg •* Convenient experiments of the same nature 
are described m the Appendix (p 317) The results of such expen 
ments are recorded m ^le 2 
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experiments earned out with gels cast in pessary moulds are 
shown in fig i The fixatives acted for 18 hours. 'Hiosc fixatives 
that are not aqueous solutions arc seen to shrink the gels, while 
the aads, especially acetic aad, swell them strongly, the two 
saturated aqueous solutions (picnc aad and mercunc chlonde) 



no I Gnphlcil irpretentatlon of the chanjrea in 
volume underaone by c^Utaie/albumtn Rcb dunna 1 8 
hours in Ttnout fixitrves used at the coTKCntratioTta 
themn on p 14 ** 

change the volume least. The swelling effect of aads is progressive. 
A simple aqueous gelatine gd (15% w/\V) shows the effect welh A 
gel cast in 0 pessary mould swelled in acetic aad solution to about 
13 tunes its onginal volume in a week 
Gelatine/albumm gels placed m distilled water increase in 
volume b} about 40% in 18 hour*. If sodium chlonde is added to 
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penetrated, d, is a-b m 6g 2 It is to be noted that the chstan 
measured is not necessarily the same as the depth of the fix 
protein that would only be so if the process of fixation caused 
swelling or shnnicage. 


ABC 



The measurement of the rate of penetration of noncoagula 
fixatives IS more complicated. When the fixative has acted for 
particular time (/) the tube is lifted out, the pipette bulb 
removed and placed on the other end of the tube. The tube is th( 
floated m water mamtamed at 37® C The unfixed gel soon meJ 
and runs out the fixed part remains in the tube (fig 2 c) 

Acetic sad fixes neither gcUtme nor albumin, and its rate 
penetration can tberefore not be measured with gelatine/album 
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gel If nuclcoprotem be substituted for albirauru however thr 
Imut of fixation la clearly texn. For the method of preparing 
gelatmc/nucleoprotem gel, »« Appendix^ p 315 
Since potassnim didiromatc u not a fixative of gelatine, albumin, 
or nuclcoprotem, this method cannot be used to measure its rate 
of penetration. 

It IS convenient to make observations at a*, 3* 4*, and 5^ hours, 
and so on, if desired up to la’ hours. If the (hstance penetrated is 



plotted as ordinate against on absema divided into equal parts 
representmg 0 to i 1 to a' 2' to 3' 3* to 4*, and 4* to 5® hours, 
etc, the rcailts can be shown as lines that would be straight if the 
equation d eo were exactl) obeyed It will be seen from 
fig 3 that the Imcs arc nearly straight It is probable that they 
would have been even more neail) so if the temperature of the 
room had remained constant The only substance that does not 
show general obedience to the equation is osmium tctroxide The 
fixed gel m this case appears to offer tome resistance to penetration, 
for the curve falls with the passage of time Up to 4* hours the 
K value u faul) constant at 1*0 but from 4* to la* hours only 
0*31 

The VTJues of k. are shown below The figures arc based on 
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ibscrvationfl at 5* hour*. Apart from those for osmium tetroxide, 
hev ^vould not have differed much if periods other than 5* hour* 
lad been chosen mttcad 


hj-drodilcmc »cid 

K 

4-65 

mtnc aad 

U 

fomaldchyds 

acetic M3d 

3-75 

mercutic chlonde 

1*3 

methcDol 

* 45 

cfarocnnim tnoxide 

I^O 

ram n mi tetroxide 

0*85 

picnc ftcid 

0*8 


It IS to be remembered that acetic aad penetrated into a some 
what different gel from the others 

It foUorvB from the equation that a fixative with a K value of 
i o (chromium tnoxide) will penetrate 20/i (the diameter of a large 
cell) m I 44 sec, that 13 to say it penetrates that distance at the 
rate of 50 mm per hour but the rate falls off so rapidly that m fact 
It only penetrates 1 mm m an hour and it tales 100 hours to pcnc 
trate i cm. As we shall see (p 68) penetration mto tissues i5 
slower than into gelatme/albumin gels> and it is obvious that the 
internal parts of pieces of tissue several cm thicl cann ot be 
effectively fixed c\ en by the most rapidly penetrating fixatives. 

The results with g^tmc/albumin agree m general with 
Medawar s, so far as coagulant fixative* arc concemetl but fixa- 
ti\c* penetrate more quickly mto coagulated blood-plasma than 
into the gel used m the experiments described here 

Wc turn now from naked eye observationa to microscopical 
study 

The minute structure of protem coagula was first mvcstigated 
by the German botanist, Bcrthold •• m 1886 He believed that the 
protoplasmic network seen m preparations of plant cells was a 
coagulation artifact. He put a drop of egg white on a shde and 
noticed the formation of a microscopical network m it on the 
addition of water (presumably by the coagulation of globulm and 
oro-mucoid) He also noticed the formation of separate granules on 
the addition of an aqueous solution of lodme. 

Another German botanist, Schwarx,*"^ who was aware of 
Berthold s findings, published the results of a much fuller mvtsti 
gaUon in the following year He added absolute ethanol, picnC 
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aad solution tmmc aad solution and Flemming s fluid to 
aqueous solutions of dned egg white at \*anous concentrations 
and studied the resulting material under the microscope. He 
noticed that If the solution of egg white was dilute fine granules 
were seen, whOe with higher concentrations these joined together 
to form a network of fibres. He made similar obser%"ation8 with 
peptone and soluble gelaUne (probably metagelatine) His figures 
of the nct\vorks produced in soluble gelatine by the action of 
tannic aad arc reproduced here in fig 4 ,a b Schware considered 



no. 4. P rot r in ccwRuU under the nucrotcofe 
Eech re p r w nU loia. 

Jk, Alut »ohaKiaefioloU«r<titiiM.axedbT»j tmn 
ditto. S*ed by 6 tvne aad. C, eB-wlDU fb*d by ■Mmjnc 

cTikind* (utonm >o h ioai l m wdnaa chloride) ptrdTia 

McTun. f« er U*l h, difto, fa«d by p B t ii»u n t (t 

id 1 tram S cln eirt ** c end d (rcica lUrdy 

that the granules or fibres lay m a continuotii Gnmdsubjtans 
They were more colorable by pienc aad than was this interstitial 
material 

Schwarx s important work has been \*cry much o\ ershadori ed 
b) Hard) s and indeed the Cambndge phjxiologisi earned the 
investigation a good deal further He worked chiefly with egg 
white but also mth gelatine. He caught up a drop of protan solu 
tion in a loop of silk thread and placed it in an aqueous solution of 
meTCuncchlondeorsomcothcTfixalive hcthenusuall) embedded 
rt in paraiTin and cut thin sections (down to 0*6/1) He also used 
froicn sections and minute teased fragments of unembedded 
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matcnal Aa fbtttivea he oUo used the \'apour of osmium tctroxide 
and the heat of atcarm 

Txto of Hardy • 6guret arc ihown m fig c, D He found that 
weak protem aoluUoaa generally showed eeparate microscopical 
particles after fixatives had acted, while stronger ones result^ m 
the appearance of a sponge or net As the figures show, the net was 
thickened at the nodal pomts. The uzc of the meshes varied with 
the fixative used. The vapour of osmium tctraxidc (a non 
coagulant fixative, os we have seen) was alone m not producing a 
microscopically visible structure 
Hardy’s mam contribution was his discovery that there is no 
Gnoidmhstans The whole of the coagulum consists of granules or 
spongework, with water in between This was evident when suffid 
ently thin sections were cut, for there was nothing m the meshes of 
the net that could be demonstrated even by saturated solutions of 
dyes In thicker sections the out-of focus appearance of other 
parts of the net gave the misleading appearance of on mtcrsutisl 
substance, but Hardy realueed that m finished microscopical 
preparations the meshes were occupied only by Canada balsam or 
other mounting medium Thus, as be said, the essence of fixaboa 
by coagulant fiiatrves is the separation of fluid from solid, of 
water from protein and the solids, if suffiaently abundant, hang 
together to form a network (or m some cases a honeycomb-like 
structure) As a result, water can often be squeezed by hand from 
a fixed proton, though a pressure of 400 lb to the square inch will 
not separate it from on unfixed protem gd ^Vhen water has been 
separated from protein, rt can be replaced by other fluids^ While 
the water la still present, there is usually little change of volume, 
but when the replacement occurs, there is usually shrinkage. 
Similarly a siliac tad gel shrinks when its water is replaced by 
another fluid. 

It has already been remarked (p aa) that the network pro- 
duced by the action of coagulant fixaUves has the same refracavc 
mdex as dry protein, and that is why mountmg media having about 
the same r l aa dry protem give such glaasy transparency to 
microscopical preparations of the tissues of organisms. 

Hardy conede^ that osmium tctroxide m aqueous solution 
produced a network m egg white, but the effect was more prob- 
ably due to the water of the aolubon acting m the absence of salt 
on globulin. 

It might be thought that the structure produced m protem sols 
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and gels by coagulant fixatives would ha\‘e \ ciy delctenou* effects 
m nucrot^nique. So long, howevtr» as the nctworlt is a ^ ciy fine 
one, the effect a not wholly damaging for the space* product by 
coagulation give access to embedding media, especially paraffin 
that would otherwise be unable to enter It is a striking fact that 
the great majonty of the familiar fixatne mixtures contain a 
coagulant (*ee p 148) 



CHAPTER 3 


The Reactions oj Fixatives with 
Proteins 2 The Chemical Changes 


The most fainijmr fixative substances Trill be considered one by 
one, from all points of view connected Tnth thar use u fixatives, 
in chapter* 5 and 6 (pp 89 and iii) Thar chemical composition 
and the ions they form Tvhen dissolved m water will be mentioned 
there. To prevent unnecessary repetition, this information wilJ 
not be given in the present chapter 
It 1* important to cxplam certain terms and conventions that 
will be used in this chapter and throughout the rest of the 
book T\heo reference u made to the chemical structure of pro- 
teins. 

A protein has two constituent elements, which tnU be called the 

I 

NH 

1 

c=o 

NH 

1 

HCCHtSH 

NH 

I 

0/ a protfTm fMmn. Tit miowo of lie 
b ad ttott e an tietem tm bold UtUn 

biukbone and side groupj The badibone is made up of those parts 
of the amino-aads that are the same m aJL Th^ arc repeated 
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increased It is ob\^ous that fixation cannot mvoUe increase in 
solubility, and there are therefore many 'denatunng agent* , such 
as urea, that could not possibl> be fixatives It is easier to study 
dcnaturation, however, if the product be soluble, and for this 
reason much of our knowledge of the process admirabl) sum 
manzed m sercral renews,^ **••*•*•“• is not dirccti} apphabh 
to the problems of microtechnique. For similar reasons most of the 
stud) of dcnaturation has been dc\*otcd to proteins in the form of 
soU, yet gels ore more interesting to the biologist, because proto- 
plasm 18 essenuoUy a soft gel, and gelled proteins can also be 
denatured 

\Yc may broadly distinguish addtitvt from non-aiJitttv fixation. 
In the former the fixative molecule or a considerable part of it 
adds itself to the protein m the latter it docs not. The word *dc- 
naturaOon wa# formerly held to imply that the change /ni-olied 
was non additive, but this usage is not quite general today It hat 
ev'en been said that any chemical change in a proton not involving 
disintegration into amino-acids, is denamraticm In this book, 
however the word wiU be used to mean a non sdditive change m 
a protein causing it to become less capable of remaining in 
intimate relation with water as a sol or gel, and more reactive The 
resulting loss of solubility ordman^ manifests itself in coaguladoo, 
if the protem be a sol a gel u rendered harder and opaque. 

Polypeptides, in the sense of $bort chains of airuno-aads, cannot 
be denatured the process occura with the very long chains of 
ammo-aads that constitute protons. 

The chief non additive or denatunng fixatives are these 
methanol, ethanol acetone, mtnc aad hydrochlonc aad 

If a protem sol be mixed with a denatunng fixative, the reaction 
IS usually so quick that coagulation appear* to be instantaneous. 
Careful experiment ha* shown however that there are m fact 
three stages. First, reactivity is increased then flocculation 
follows, but the floccuhis is soluble in weak aads or alkalis, 
finally the flocculus hardens into a coagulum, only soluble by 
proteolysis. Some so-called denaturing agents, such os urea, only 
cause the first change , and it is for that reason that they ore not 
usable os fixatives 

Denaturatioa may be brought about m many different waj», for 
instance, by subjection to very high pressure, extension in ex 
tremely thin films, or exposure to ultrasomc wav e* or ultra violet 
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respect, and indeed if the pol)‘pcplidc chains arc bound together 
into a gel there need not be anj terminal omino-aads. The diief 
hjdrophil constituents arc the carbox\l h)*droxvl, and ammo- 
groups of the rdc-chains, and the carbonjl of the backbone the 
immo-groups of sc\eTaI amino-acids, the amido-group of aspara 
gme and the sulphjxlr}! of cj’stemc can also assoaatc with \\-ater 
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The most striking effect of a coagulant fixaiiv e on a protein sol 
or gel IS an alteration m the effects of these h>drophn groups, 
which former!) held water so firmlj that it could not be separated 
by po^verful mechanical force but now can be squeezed out bw 
hand (p 42) The effect is irTC>crsible for the protein loses its 
power to imbibe water and resume its former properties. 

To the chemist the most significant result of denaturation ts the 
mcrcasc in reacti\’it) Certain rcacUit consntuenti of the protein 
were prtmouslv present, wholl) or parti) m latent form no^\ thc\ 
exhibit themscl\-es and respond freely to tests for thar presence 
An increased digcstibiht) b) cnz)Tncs results and indeed accounts 
for the fact that we cook our protein food Two news ha^e been 
held about the nature of the btcnc) of the rcacti\e groups before 
denaturation It has been suggested that they do not exist m the 
natural protein but originate durmg the process of denaturation 
(and also m proteob’Sis) Most students of the subject, howe%-cr 
consider that the reacti\c groups are present m the onginal pro- 
tein but something hmden the access of lest reagents to them. 
They ma) be in\ol\cd in linkages between protein chains or 
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potter to digest As a rule cnxyroatic properties are destroyed, *nd 
fpeexal fixauv’cs must be chosen if they arc to be dispJay^ in 
microscopical preparations. If the nght denaturing agent 15 chosen, 
It ttill coagulate the proteins in general but leave certain enzymes 
more or less intact. Sections may then be cut and placed in a solu 
tion of a suitable substrate. The latter must be carefully chosen, 
for rt must leave microscopically visible cndcnce of the places in 
the tissue m which it tt-as attacked by the enzjTne the product of 
the reaction must be immobile and either visible or capable of 
being made vasiblc. In this roundabout way the original nte of 
the cnzjine can be determined It u chiefij for trork of this sort 
that acetone deserves to be listed as a fixative Certam enzyme*, 
such OA altaUne phosphatase, art resistant to its action Acetone 
distorts tissues seriously and would never be chosen for purc^ 
morphological studies It has, however, certain uses as a fitsme 
in other branchc* of histochemistry betide entvmology 

An important c/Tect of dcnatunation on globular proteins is 
their elongation mto fibres This change can best be witnessed 
when loss of solubility has not yet occurred The extension of the 
protein molecules renders the sol more viscous, and tmee th^ 
tend to arrange themseUc* parahcl with one another m a moving 
fluid, the formerly isotropic sol now exhibits the birefringence of 
flow The protem never extends full^ mto a straight chain on 
dcnoturation, but always remains to some extent folded Remark- 
ably enough, the fibrous proteins are affected in the opposite way 
the cham shortens somewhat bv folding There is thus an appran 
roation of both kinds of proteins towards a ntnflar structure, but 
this IS fibrous, not globular A coagulum could not be formed if 
the product of denaturation had not been fibrous The firmness of 
the coagulum must depend on the nature of the bonds that Uc 
the fibres together 

A microscopical preparation of denatured protein generally 
shows a network that appears to consist of interlacing fibres, fused 
where they touch, there may or may not be swellings at these 
points The appearances arc sunilsr to those shown m fig 4 (p 
41) The difference m scale between these microscopically visib e 
fibres on one hand and the polypeptide chains of the proteins 
the other IS enormous still the latter underlie and make possib e 
the former The viable network is an artifact, but it reminds us 0 
an important truth about the subroicroscopical itructura of pro- 
teins In proton gels we must imagine the polypeptide chains 
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These eubstances will now be considered in turn. 

The reactions of mercuric chloride tmd other mercuric 
salts vnth proteins have been carefully studied by sevend 
authors.®*- The metal becomes attached to protem m 

several different ways at the same time^ unless special precautions 
are taken to isolate the reactions. 

Mercunc salts react with the sulphydryl (-SH) group of the 
cysteine component of proteins- If the amount of meremy be 
restricted to what will combine with the sulphur present m the 
proton, no other reaction will occur, this may therefore be called 
the primary reacboa. It is possible to isolate a fraction of scrum 
albumin that contains only one sulphydryl group in each mole- 
cule This may be crystallized in the form of a compound with 
mercury, which contains one atom of mercury to two molecules 
of the albumin fractioii. The c\adencc suggests strongly that 
mercury forms a link between cysteine residues. Each of the latter 
It potentially mercunum captans a raercuryHatcher ready to 
fonn a compound (mercaptidc) with the metah 
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Many such links could be formed between protein chains in 
which cysteine occurred repeatedly and many ch a in s could be 
bound together mto a single^ polymeric whole This would tend 
towards coagulation. 

It IS unlikely that mercaptidc formation is the mam cause of 
coagulation. \Vhcu an excess of mcrcunc salt is present, as m 
ordinary fixatioa much more of the mercury is taken up m other 
ways, to which we must now turn our attention. 

The uptake of mercury by protons it profoundly affected by 
acidity and alkalinity The matn features of the process arc set out 
schcmattcaljy in table 3 A scale of pH it not provided, because 
each protein would require a different one. The lines dividmg the 
degrees of alkalinity and acidity mutt not be regarded os separating 
sharply the several reactions for in fact these o\crUp to that more 
than one reaction may occur at any particiilar pH The table calls 
attention to the rcactiona that arc dominant m certain broad rtgiont 
of alkalimty and aadily 
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TABLE 3 

Dutgrainjnaitc rtprtitnUitum of tJu chuf nacttons of mercteric eftLmdt 
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The retctiorw of mercunc chloride with protein arc affected by 
the ability of mercujy to form bontb through lubsidiary valenctca. 
For instance, mercunc chloride can m certain ctreumstancea react 
with ammonia to form a dummme.*” Thia result* from the &ct 
ihaLcaeoiTiCi accent eateaelcc?swaCTOu\ dowse aLonuu 

/d 

N3 

Memnt ihhrtiit eombatd auA a w u t om a 

In strongly alkalmc condition*, the mercunc ion » taken up by 
the ammo-groups of proton* (on the nde-chain* of lyonc and 
orgimne) by bonds of this sort®* The mercury then reacts a* 
1 

NH 










FIXATION 


54 

salt linkages -mth the carbaiyl side groups of certain amino- 
aads. 

These reactions appear not to have a strongly coagulatn e effect, 
but the mercury 13 firmly held This can casa> be ihcrnn by teat 
ing vn\h mcrcunc potassium iodide, Hgl^KJ, a useful reagent 
for distinguishing between mcrcunc 10ns or loosely held mercury 
on one hand, and the firmly held metal on the other The reagent is 
yellow, but gives the red colour of mcrcunc iodide m the presence 
of the ions or loosely held metal 

A different kind of combmation is charactcnstic of weakly 
alkaline, neutral, or weakly aad conditions down to the iso- 
clectnc point of the protam The mcrcunc ch^onde 13 taken up as 
a whole molecule through subsidiary \'alenaes mainly by the 
ammo side-groups of lysine and argmine, and is now held ^ciy 
loosely, so that a red reaction is gix'cn with mcrcunc potassnim 
iodide. The formation of this loose compound is associated with 
coagulation Coagulation is opposed by sodium chJondc. This is 
because the chJonde 10ns have a stronger affimty for coeramc 
chlonde than the protein has The aiuon [HgCI J" is fonned.*®* If 
albumin is coagulated by mcrcunc chloride and washed, the dot 
IS really dissolved by a saturated solution of sodium chlonde (or 
potassium iodide) 

On the aad side of the iso-clectrtc point of the protein, but still 
N^nthin the range of vreak aadrty, the ion [HgCI|]" combines 
through mam valenaes ^\^th the aminogroups of the proton 
which are lomzed to some extent on the aad side of the iso- 
clectnc point The compound forroed 13 agam very loose, but 
coagulation is now promoted by the presence of sodmm chlonde, 
which increases the amount of the reactire mcrcunc ion 

In conditions of strong aadity mcrcunc chlonde docs not react 

mth proteins, except to form mcrcaptide there is little tendemy to 

coagulation. 

In practical microtechnique, aads and sodium chlonde ore 
often added to solutions of mcrcunc ebjonde, Mpparenify without 
much contidcration of the complex consequences. Tissues that 
have been fixed with mcrcunc chlonde arc sometimes placed in 
Lugol's solution This is likely not only to decompose the mcr- 
captide with oxidation of the fomier sulphydryl groups to di 
sulphide but also to dissolve the coagulum. 

If mcrcunc chlonde were to block all -VH, groups by combining 
with them, but left the -COOH groups untouched the proton 
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wcpuld become very aadic conversely if it were to block all 
-COOH groups, the protein would become very banc, Thc*e 
changes vrould control the reactions with dyes for the coloured 
ions of the latter associate with the aadic and basic group* of 
protein* (see p 192) It is rather a strange fact that most authors 
who have considered mercuric chloride in this connexion have 
taken it for granted that this salt simply blocks -COOH groups 
and thus makes the protein more basic (that is, more attractive to 
aad dyes (p 167)) It is stated however by the Amen 

can histochcmist Goraon ^ that meramc chlondc reduces the 
attraction of proteins for aad d3^ by blocking -NHj groups. 
Aa we have seen the reaction of this l^atrvt wth protons is m 
fact very complicated 

Mercuric chlondc is pre-eminent among firaoves for leaving 
tismw m a condition conduave to bnlhant dyeing It is relevant to 
consider here the character* of a fixatn c that will achieve this end. 
It must not fix proteins in such a tight gel that dyta cannot pent 
trate, but must somehow make them porous. It must knock DNA 
off from combination with protem and preapitate it m a form in 
which It will associate readily with basic dves. It must leave the 
protoplasmic proteini m a state m which they will accept acid 
dyes so that these parts may be given a colour Out will contrast 
with that given to the DNA, It i* evident that mcrcunc chlondc 
achieves these ends, in the arcumstances of ordinary fixation 
but we await a full explanation of its supenonty m cr other fixatives 
m these re s pects 

Most fixatiie* leave protein* m o digestible state dcnaturation 
as we have seen (p 48) promote* digestibihty In expertments 
of this sort the excess of fixative must be Nxry carefully washed 
out for instance, by washing in running water for 20 dajt. 
^Vhcn this ha* been done proteins fixed by additive fixatives 
generally remain digestible It has been shown, howeNtr, 
that mcrcunc chlonde slows down shghtly the rate of digestion 
of the proteins of blood plasma by pepsin and trvpsm This 
may be due to a change in the protein, but it is also possible 
that some of the bound mercury transfers itself to the enzyme 
and fixes it 

Picnc aad is an alkaloidal reagent that u to say u preapitales 
alkaloidal salts from solution in water This is a usual propert) of 
large, complex anions. Free ammo-aads combine with the anion 
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to form picratcs, each ommo-aad gives a crystal of characteristic 
form For a pbte showing the cryitola of clev cn picratcs of omino- 
Qada, sec Schmidt.^^® Picnc aad resembles other altaloidal 
reagents m coagulating soluble proteins, but the chemistry of 
the process has not been worked out. The obvious pomt of 
attack T\"ould be the ammo side-groups of lysme and argmine, 
but if all these were blocked, the protem would lose most of 
Its afiinity for aad dyes. In fact, however picnc aad gives 
egg white a strong afiimty for aad dyes, but scarcely any for 
basic ones It seems probable that aad dyes are able to re 
place picnc aad at its pomts of assocaation with amino-gruupt. 
It IS to be recollected that picnc aad is not only a fixative but 
also a dye (p 185) and that dyes can replace one another in 
this way The redaction m afiimty for basic dj^ has not been 
explained Picnc aad also forms additive compounds vntb 
phenols, and combination with the side-group of tyrosine is not 
excluded, 

Chloroplatimc aad is another aJJcaloidal reagent The incorrect 
name of platinum chlondc disguises the fact that the metal forms 
part of a complex anion 

The mode of action of chromium tnonde on proteins m the 
process of fixation 13 not well understood. We have a considerable 
amount of knowledge about the reactions at high temperatures, 
because they have been studied by the textile chcmists.^^ 

These reactions must be bnefiy mentioned here, though their 
relevance is doubtful 

Compounds of chromium ore used m the pre-treatment of wool 
before the application of dyes. The chamstry of the process of 
‘mordantmg will be dealt with in chapter ii In mduatiy, sodium 
dichromatc is commonly used for the purpose, often with the 
addition of aad ^Vhen a dichromate is dissolved m water, the 
anions produced are essentially the same os those produced by 
chromium tnoxide (sec pp I05andi26) The chromium is aruoruc, 
and it makes httle or no difference whether chromium tnoxide or 
aadified dichromate is used Industrial mordanting is earned out 
at boiling pomt, and the fibre is often treated afterwards with a 
reducing agenL 

Amomc chromium appears to associate itself chiefly with those 
side groups of the wool proteins that contain -*NH| and -OH 
and with the -CO NH- group of the protein backbone. Accord 
ing to the textile authondc*, the metal is taken up partly as 
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anioru, but some of it also transfonns itself into a non ionic, 
sca-covalent form some ofthe six links being with the group* just 
mentioned. 

Tlie mdustml process results m the 6rm binding of chromium 
to protein When wool is simply tteqwd m the mordant at room 
tempemture, however, this is not so The fibre takes up the 
moidant and becomes yellow but the metal i* loosely held and 
can be washed out by a buffer at pH 8 

In miciotcchrucal fixation chromium tnondc is used at room 
temperature, yet the metal is firmly bound and cannot be remo\ed 
even by prolonged washing Solutions of chromium tnoxidc are 
strongly aod (p 105) and simple dcnsturation by acidity might be 
thou^t to be partly responsible for the results but proteins arc 
much more violently coagulated than by hydrochloric or mtnc 
aad tnd are so altered that they cannot be digested by pepsin or 
trypam *" Lea# is known about the cheanical changes underlying 
the action of this fixative on proteins m the arcumstances of the 
fixstton of tissues in microtechnique, than about the changes 
underiying the action of any other common coagulant fixative. 
If the reaction were largely with the ammo-groups of the proteins, 
u is supposed to be the case m the mordanting of textile fibres, 
these groups would presumably be blocked and no longer SN^ailtble 
to ordinary sad dyes yet this fixative, perhaps above all others, a 
favourable to the action of such djres (pp 109 and 304) As an 
oxxdmng agent, it a likely to react with the -SH of the cysteine 
side-group also with the phenyl of qrrosine, the indolyl of trypto- 
phane and the irmnazol of histidine It has recently been shown 
that prolonged fixation in solution* of chromium tnoxide does in 
fact interfere with histochemical test* for the three last named 
amino-aads 

A contidenible amount of misunderstanding has arisen from 
the fact that chrommm tncmde is used in the tanmng of leather It 
has been supposed that the proceu throw* light on fixation by 
chromium tnoxide in micro techmque. Unfortunately this is not 
to for anionic chrommm plays no part m tanning The chromium 
tnoxide is reduced to a basic salt, and rt *s catiomc chromium that 
reacts with the proteins of skm to make leather *** The reaction of 
chromic sulphate with proteins has also been mvesiigated chcmi 
call),** but this again is inele%’ani to our subject, for the some 
reason Catiomc chromium u seldom used ddiberatcly as a fixa 
me in microtechnique, but it may be formed by the reaction of 
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chromium tnoxidc ■with the tiasues, and may then perhaps itself 
react Viith the tissues. 


We turn now to the non-coagulant additive fixatives, formalde- 
hyde and osmium tetroxide. These arc of particular importance, 
for the very fact that they are non coagulant makes them unlikely 
to distort tissues and cells senously It must nevertheless be kept 
m nund that subsequent treatment, espeaally embedding in 
paraffin often results m gross distornon. 

Formaldehyde can be caused to form compounds with vanous 
amino-aadfl but most of these reactions appear to be irrelevant 
to microtechnique. The compound with tjrosmc, for instance, is 
only formed by hcatmg for several hours m aad solution 
The reactions of formsddebyde with polypeptides, each con- 
sisting of chains of only one particular amino-aad, arc extremely 
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instructive. Experiment shows how much fonnaldehjrde such 
polypeptides wdl remove from solution Polyglycine binds very 
little formaldehyde, so docs polyghitamic aad Polyglutammc, on 
the contrary binds more fonn^dchyde than any other mscro- 
molccule, so far as is known 

Silk fibroin consists mainly of alanine and tyrosine. lake poly- 
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glycine and polyglutamrc aad it binds I’cry httle formaldehyde 
less than one nvcnticth as much as polyglutammc. 
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These facts suggest strongly that fonnaidchyde reacts with the 
-NH, groups of proteins, Lysme is largely mvoh’ed 



Lyttm (kft) and arfmuH (nfAl) a* co mpouni s of pnttna 

The side group of orgimnc also reacts, but only above pH 8 
t degree of allcaUnity unusual m nu cjotcchnv ca l fixatiorL This 
reaction 18 not fixative, for It docs not stabihze the protem indeed 
It increases susceptibility to swelling by aads {p 64) and 
•hnnkage by high temperature 

When proteins are deaminized by the substitution of ~ 0 H 
groups for -NH*, their capacity to bind formaldehyde is much 
reduced The work on this subject has been done Isrgdy with 
coEagtn and casein because the toughening of these substances 
by formaldehyde is mportant m industry The physical changes 
associated with tanning by formaldehyde do not occur ato 
deammation. 

Formaldehyde could react with lyaine by simple addition with 
forrasnon of the side group ^CH^iNH-CM|OH or ait errutiv ely 
the reaction could be a condensation to form -(CH,)<N==CH, and 
water The former reaction would be a special case of the general 
equation RH + CH, 0 =RCH/DH The -OH m the additive com 
pound IS reactive, ami a methylene bridge, R — CHj — R^ is thus 
casilv formed Formaldehyde is commonly thought of as a reducer 
but It 18 to be noted that in this particular reaction it acts on the 
contrary as an ozadizcr This was pointed out long ago by Kings- 
bury who did so much to help to place fixation on a aacntjfic 
basis, 

A methylene bridge between lysine side-groups on two pren- 
oosly separate protein chains at once suggests itself but the 
stoichiometnc rdstion between lywne and fonnaldcbydc is nearer 
I I than 2 I and it is therefore probable that the hnkige is 
between the lysine of one proton chain and a different group con 
taming nitrogen in another protem This could easily be ghitamine. 
A link between lysme and the mtrogtn of the peptide (-NH.CO-) 
link of the mam protem diam is also possible It will be remem 
bered, however, that the peptide Unk of polypeptides » acarcely 
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reactive, for polygjycuie and pojyglutanuc aod bind very bttle 
formaldehjdc. Nylon aUo binds very httle formaldehj'de,'" 
though the -NH CO- group occura repeatedly m the mole- 
cule. 


:CHd,N-CH.— N 
H H 
O 


’v f* 


A metky Icne bnJft (bcU typt) fmhtfg hro t^ftn cftmm tfcroa^A /ywtt (bfl) 
Mttd ghOMwame [ngki) 


Bndgct of these kinds ^Tniid tend totvarda gd fonnation in 
proteins, or to the strengthening of pre-existent gels, coagulaDon 
docs not result In general, cross-lmkagci of any kind between 
proton chains result m bnttleness loss of elasticity, reduction m 
the ability to bind water, and, m the case of soluble protons, 
lessened solubility ” 

Zem IS interesting m this connexion Tbe mechanical itrength 
of fibres and films nude of this proton is considerably mcreased 
by the action of formaldehyde yet it contains no lysine (and \czy 
little argttune) It must be presumed that links are formed between 
the nitrogen of an amide (~CX) NHj) group in one proton chain 
with a similar group in another, or potwbl) with the nitrogen of a 
peptide 

The reaction between proteins and formaldehyde la remarkably 
slow and contrasts strongly m this respect wrth the quick lomc 
reactions of oomc fixabves. In experiments with soluble protcina 
and polypeptides, earned out at yo^ C, only one-half of the total 
amount of formaldehyde that eventually combined was taken up 
in 8 hours after the lapse of 24 hours one tenth of the amount still 

rcroamed unbound,^’* In practice, fixation by formaldehyde a 
presumably nearly ahvays incomplete, except when tissues arc 
not only fixed but stored m a solution of formaldehyde. That a 
why tissues remam capable of taking up a limited amoimt of acid 
dy» 

The effect of pH on the reaction between proteins and formaldc 
hyde is complex. The reaction with amide groups is said to be 
promoted by aadity but that with simple ammo-groups is 
antagonued the total effect is a slowing down and the reaction is 
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vtry flow below pH 3 The greatest binding of fonnaldchj'de 
occur* at elight alkalinity (pH 7 5 to 8) 


The importance of formaldcbjdc as a tanning agent for pro- 
tein* m induttry has ensured a careful ttudy of its mode of action 
The other important additiix, non coagulant fixatne ha* no 
industnal application* of thu lund» since it is far too expensn c for 
practical use. Thu i» unfortunate for osmium tctroxidc t* one of 
the most %*aluablc fixapics m microtechnique In electron 
microscopy it i» pre-eminent on account of the faithfulness of its 
fixation and the ability of chemically bound osmium atoms to 
•cattcr electrons and thus make an image possible It should be 
noticed that osmium tetroxide could not fulfil the latter function 
if u were a non additnc fixative A mere deposition of unbound 
osmmm would be useless, and indeed as misleading as it often is in 
light rmcroscopy 

That osmium reacts mih unsaturated lipid* (olein and oleic aad) 
u*as known long ago to Altmann • but our undemanding of its re 
action* with other ussue-constituents ha* grou-n iloivlj and is still 
very imperfect. In this chapter we are concerned only with ihoic 
reactions that throw light on the way m which it fixe* protein*. 

The fim relcv'ant ducos-erv was made m 1920 bv Dutch chem- 
ist* ** who showed that osmmm tetroxide could be used to com ert 
c>dohexcnc to c> clohcxane-diol Two points mutt be noticed 
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here the reagent act* at the twx) end* of a double bond and ihe 
product of reaction is 3 compound wth two adjacent h}drox\I 
groups (a diol) 

Reaction* of ihii »ort, whether caused hj oxide* of manganese 
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orofm-nium ma\ proceed in two »tagex lint the do-iMclHinJ 
divjppcatx and an additiic compound is formed then a »<xnnd 
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reaction may occur, vnth production of a diol and osmic oad (It 
may be remarked m passing that the expression omic acid is here 
used correctly Seep 119) 



Dtei Orimc end 


That osmium tetronde could react m this way with man) ring 
compounds was shown by the German orgamc chemist, Cncgcc, 
m 1936 “‘One such substance is mdene, which is related tomdolc, 


I 

NH 



c(f a preiera than 

a constituent of tryptophane It follows from work on related 
substances that the pomt of attack of osmium tetroiide would 
be the two ends of the double bond shown here m the five- 
membered pyrrol nng of indole and tryptophane; 

Osmium te tro xide is capable, m certam circumstances, of 
joining molecules together This was shown by Cncgcc and his 
associates,**^ ^ They found that osmium tetremde acted most 
readily m thm way when it had first combmed with pyndine, but 
there are reasons for supposing that other organic substances 
might take the place of pyndme. It is dear that osmium can form a 
link bet w een two nng-compounds by joining with both of them 



OxmcR acting as a bndf* bettetn two rwt~<o a i p oiaidt, (Tic Ulter art tficrm 
only tM part,) 

m the way previously explained It is tempting to suppose that 
the formation of gels from soluble proteins (or of firm gels from 
weak ones) may result from the ability of osmium to form bridges 
of this kind between protem chains. It la remarkable that such gels 
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trc often temportiy (sec p 33) This may be connected with the 
fact that osmium tends to free itself from combination with nng 
lubttancca^ while tranefonning these mto dioli. 

Many amino-aads react with osmium t e tioxi de thia can be 
seen by the development of a dark colloidal reaction product, or 
sometimes a dark precipitate. It u doubdiil, howr\’er, whether all 
amino-aadf that react v.hcD free necessarily do so when they arc 
constituents of a protcuu Thus, the base ammo-aads lysme and 
arginine, arc reactive when present m proteins but the protamines, 
wiuch contain a high proportion of basic amino-aads, scarcely 
react with osmium tetroiide at room temperature.** Tryptophane, 
histidine, and cysteine react especially strongly when free forming 
dark prcapitates ** Hisodioe, like tryptophane, possesses a double 
bond between carbon atoms the nature of the reaction with 
cysteine baa not been worked out. Among the various proteins, the 
most reactive arc those that contain a high proportion of these 
three tmino-aada ** The higher the amount of tryT^tophane m a 
soluble protem the lower the concentration at which that proton 
can be gelled by osmium tetronde.*®* 

The anomalous non-coagulant fixatives, potassium dichromate 
and acetic aad remain to be discussed They arc anomalous be- 
cause they appear not to be fixatives of ordinary protons. 

At the end of the last century Fischer *** sbow^ that potassium 
dichromate did not coagulate albumin or globulin. We saw m 
chapter a that it does not render gelatine gels insoluble m warm 
water nor coagulate nucleoproton AD this is radicaDy altered if 
the solution be sadtfied the reactions arc then the same as though 
we had used chromium tno-vidc (sec p 106) We are concerned 
here with unaadificd dichromate. The reaction with protein is 
•low at room-tempersturc. The unaadified salt is sometimes used 
m preparmg wool for subsequent dyeing but the process is earned 
out St a high temperature and the chemistry of it is unlikely to 
throw much light on fixation In ordinary microtcchnical use un 
aadificd potassium dichromate seems to do little to protons be- 
yond making them some^ibat more banc that is to say more 
capable of bong coloured by aad dyes.*** There is no good en 
doiee that it has a definitely fixatii*c effect on simple protons, 
and nucleoprotema it positncly dissolves. It is, howe^cr one of 
the few ftjrati\es that make certain lipids capable of resisting 
solution during embedding in paraffin This is almost certainly the 



CHAPTER 4 


The Reactions of Fixatives mth 
Tissues and Cells Methods of 
Research 


Flemming claimed that osmmm tctroxide produced a net 
work m thtZellsqft of Spirogyra, In making this rtatement m 1882, 
he appears to have been the first person to mention the production 
of a microscopical network in the tissues of an organism through 
the action of a fixative. This was a strange effect to attribute to 
osmium tetitmde, the very last fixative one would choose to pro- 
duce a networL Hardy however, also described fine-meshed 
nets m paraffin sections of tissues fixed with solutions of osmium 
tetroxide the vapour left the protoplasm homogeneous. As a 
general rule the non coagulant fixatives leave tissues more or less 
transparent, apart from any extrinsic artifact they may themselves 
depoBrt, This is because they do not produce a microscopic net 
work. Subsequent dehydration or other treatment may cause 
opaaty 

The coagulant fixatives usualfy make tissues opaque, and whrte 
or yellowish that is to say the fixed material reflects light but 
does not readily transmit it (unless special steps are taken to cause 
transparency) The ongm of the new surfaces responsible for this 
optic^ change m the tissues was first disclosed by Berthold,** 
who m 1886 described the coagulation of the protoplasm of plant 
cells by alcohol and other reagents He realized dearly that the 
coagulation of protoplasm was essentially the same as that of egg 
white. Similar observations on plant ceDs were made by 
Schwarz who supposed m error that coagulation was the scpaia 
tion of the firmer from the more fluid parts of the proteins of the 
protoplasm. It was Hardy who showed that the net was the 
whole of the coagulated protoplasm, the meshes being filled with 
nothing but the mounting medium m the finished prcparation- 
66 
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Hardy worked with the mtestmal epithelium of the woodlouse 
Omsau (fig 6) and with vanous cells of the frog and mammali- 
On the whole he remarked Tivmg cell substance does react to 
fixatives just os does solid or 
fluid soluble colloid ’ By sohd 
or fluid colloid he meant pro- 
tem gels or sols 


Smcc tissues become opaque 
when in\’aded by coagulant 
fixatives, It IS possible to ob 
tarn information about their 
rate of penetration If mam 
malign liver or some other 
rather homogeneous organ be 
chosen the bnc of demarca 
Don between fixed and unfixed 
tissue Is often ertraordiaarily 
dear and regular (fig 5 a) 
though the fixative runs more 
quickly along the loose tissue 
accompanying krge blood 
\‘e*scls than through compact 
masscsofcdls It makes little 
difference whether excised 
blocks of Ii\er tissue be used 
or whole lobes the hitter 
hmveser gi\c the dearest 
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results It IS evndent that the connective tissue sheath of the organ 
forms Q negligible barrier 

The earlier work on this subject •*®’*’*‘ was done before 
Medai\-ar had dudosed the pnnaples govenung the diffusion of 
fitatiies into protein gels (p 37) Expenments on the penetration 
of coagulant fixatives into whole liver lobes of the rabbit prove 
that the same principles govern penetration into tissues,** It is 
onlj necessary to suspend hver lobes by threads in a large volume 
of the fixative under test, and to remove these at measured inter 
vals and cut them across. The thickness of the coagulated tissue 
maj be measured rather accurately The figure obtained ts not 
nccessaril) the same as the distance penetrated into the fresh 
tissue because the fixative may change the volume of what it 
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coagiilates Mercunc chlonde is convenient m this respect, for it 
docs not greatly alter the \olumc of nnsmmalian liver (see p 76) 
The results with this fixative arc shown m fig 7 The appromna 
tion of the graph to a straight line is rcmarlMbly close. It is clear 
that the rate of penetration falls off \?ith time exactly as it does 
when fixatives enter clotted blood serum or gelatinc/^bumin geh 
The rate of entry is, however, considerably slower 111118 mercunc 



Fio 7 Gnph ftbowfog the thjckocsa of nbb(t-ljTtr Szed by 
ft wtunted ftqxirous solution of mercunc chloride m wioua 
tnne*,** 


chlonde penetrates 4 2 mm into bver m 25 hours (K = 0*84) but 
1 1 mm mto gelatinc/albunun gd (K =» a 2) A survey of the work 
done m this field shows that the rate of penetration of coagulant 
fixatives mto gelatmc/alburam gels is m general agreement with 
their rate of penetration mto tissues, except that the latter is much 
slower Picnc aad however goes more slowly than chromium 
tnoxide mto the gel but more quickly than the tnoxide mto liver 
(fig 5 a) (The reader will remember that m all such experiments, 
the concentrations of the fixatives were those listed on p 24 see 
p 32 ) It is not obvious why fixatives should go so much more 
slowly mto tissues than mto the gel, for the latter contains about 
the same concentration of protem as ordinary protoplasm (p 33) 
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It seems probable thst the bpids of the cell membranes act as 
bam era. 

Fixatives penetrate more quickly into small than mto large 
pieces of tissue. This is of practical importance. It might be 
thought a matter of mdifferencc whether a large or a small piece 
were cut out of an organism for fixation, attention could be con 
ccntrated on the edge of the large piece, which would be as weD 
fixed as the smaller This is not so for the following reason. 

Imagine two blocks of tissue, with oppoAite sides parallel. One of 
them, block A, is exposed to the fixative on one tide only (say the 
lower side) the other block, B is exposed on the two oppoeito 
sides. 

Consider first the passage of the fixative mto A It may be re- 
garded thus. The fi^trve instantly reaches the upper tide at 
infimtcsimal concentration later at progreasivcJy higher concentra 
tioni. For a considerable time the concentration at the upper tide 
will be below that at which protoplasm is fixed (that is, either 
coagulated or changed mto a stable gel) Meanvrtiile the substance 
will be gradually penetrating at its fixative strength, according to 
Its K value, and the Ime separating the fixed from the unfixed 
tissue will be advancing at continually diminiahing rate towards 
the upper side, m accordance with the equation given on p 37 

In block B the course of events will be differenL On each aide 
the substance would tend to |>enctrate at its fixative concentration 
at the same rate as it did on one side of block A, but from the first 
moment onwards there will be an infinitesimal contribution from 
the opposite ndc, and this will continually mcrcase. The concen 
tration at any given place at any given time will therefore be higher 
than It would have been if only one side had been exposed to the 
fixative. The thmner the piece, the more evident this rfect will be. 
It follows that a fixative will penetrate more qmddy mto a 
than mto a large piece of tissue, and small pieces should therefore 
be used unless there is some particular reason for not domg 10 

It 18 instructive to watch cells bemg fixed and to record the 
effects not only on the ground rytoplaam, but on every constituent 
part. It was probably the transparcn<7 of livmg r^llf t^t held back 
this kmd of mvestigation m the early days of raicrotcchiuque. As 
one optical method after another has be en invented to overcome 
thii difficulty so cnthuaiastB have hastened to apply the new 
microscopes to problems of fixation. Not everyone who has 
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engaged m this work has provided himself with the prc requisite 
knowledge of the subject of fixation. It has seemed sufficient to 
put hving cells under one of the kinds of microscopes that evade 
the difficulty of transparency, and simply watch what happens 
when the fixative is added. It is not alwajx realized that this is a 
test of preservation, not of fixation It has already been remarked 
(p 28) that the classical work of this kmd was done by Strangc- 
ways and Canti,*®^ by dark ground microacopy 

The most convement cells arc those that will flatten themselves 
against a coverahp and adhere firmly to it. The amoeboid meso- 
dermal cells of vanous kind< that move outwards from cultured 
tissue-fragments fulfil these requirements wclL"^ ^ Thar 
thinness makes them readily observable by dark ground or phase- 
contrast microscopy, and their adherence make* it easy to replace 
the culture-fluid by a fixative. The replacement can be achieved 
by quite simple apparatus, but a spcaal pcrfusion-chambcr has 
been design^ that would lend it^ well to this kind of work. 

The extreme thinness of cultured amoeboid cells, ^^cn 
stretched over the surface of a coverthp, presents disadvantages. 
Such cells are far from bong rep re sentative of cells m general, and 
their firm attachment and unusual shape prevent them from 
shrinking or at any rate from showing dearly that they s hr i n k 
(apart from the retraction of pscudopodia) Low cdls have their 
merits, despite the technical difficulties they present Among those 
that have been used are salivary corpuscles, polymorphs,*"” 
cultured neurones,*** and amphibian spermatogonia *** 

The results obtained by research of this kmd will be mcor 
porated briefly m chapters 5 and 6 By the common consent of all 


engaged m it, osnuum tetroxidc gives the most faithful prtserva 
tion of the hvmg condition of the cell (fig 8, a, b) Chromium 
tnoxide be cited as an example of a fixative that alters the 
structure considerably (fig 8 c, d) The pseudopodia arc blunted 
cytoplasm and nudear sap coarsely coagulated hpid droplets 
fused (probably by the stresses of coagulation), mitochondria 
destroyed. In diviclmg cells, however, the chromosomes arc 
rendered dearer than they were m life. 

One would wish to obtam quantitative mfonnstion about the 
chemical changes wrought by fixatives on tissues and cells. A 
piece of tissue may be analysed chemically as a whole, before and 
after fixation or the fixatne solution may be analysed for dis- 
solved tissue-constituents after fixation *** but the substances 
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revealed m these ways may be hard to trace to thnr sources. An 
estimate of the amount of nucleic aads lost by cells on fixation 
can be obtained by measurernent of the optical density of parts of 
the cell before and after fixation This method depends on the 
opaaty of nuclac aads to ultra violet Lght of wave length 
265 TOfi A photomicrograph may be talen with this light before 
and after fixation, and the density of the images compared 
Allowance must be made for change m volume of the part 
measured Results with cultured fibroblasts from the chick embryo 
suggest that 4% neutral formaldehyde may reduce the amount of 
nucleic aads (DNA + RNA) in the nucleus by between 10% and 
35%. It would be interesting to have comparable figures for all 
primary (unmixed) fixatives. 

In order to mvestigate fixative as opposed to preser v a tiv e action, 
It IS necessary to examine ccHs that have been through the com 
plete routine of microtechnique, and to compare these with hvtng 
cells. Buchsbaum m Chicago has worked m this way with cul- 
tured amphibian macrophtgea. He studied them in life by phase- 
contrast microscopy and then fixed washed, dyed, and mounted 
the same individual mahng photographic records at every 
stage. The results ahow^ that the changes caused by fixation 
were more fiindamenta/ m rh if particuiar case, than any that ns 
suited from subsequent treatment but embedding was omitted, 
and this is often a destructive process. 

All the studies of thm kmd so far mentioned are open to one 
major objection The cells were separate from one another and the 
fixative came directly up agamit them at its full concentration 
In ordinary iiucroscopical preparations the superficial cells are 
often d amng eH while those lying below the surface ore well fixed 
(p 28) Unless It so happens that information is particularly 
required about separate or superficial cells, the test should be 
designed m such a way that its result docs not depend on the 
response of such cells, and it should involve the whole of the after 
treatment that is to be used m practice. Since dyeing docs not 
ordinarfly introduce senous distortions, any dye or dyes that will 
reveal the structure of the object dearly ma) be used but for a 
full test of any fixatn'c it would be necessary to try oil tbe usual 
embedding and mounting media. 

Ideally each pnmary (unmued) fixatn-c should be tned with 
each embedding and mounting medium and each fixing/cmbcd 
ding/mounting method should be assessed from the point of \icw 
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of general micro-anatomy and histology, and also separately for 
Its results with each c^ukr constituent (cell outline, ground 
cytoplasm, mitochondru, hpid globules, nuclear membrane, 
nuclear sap nucleob, chromosomes, etc.) 

A comprehensive study of this kind has never been made, but 
a ccrtam amount of work has been done More than half a century 
ago Tcllyesmczky in Budapest studied the spermatogonia 
and spcnnatocytea of the salamander m paraffin sections of testes 
that had been fixed m vanous ways. Unfortunately he dchbcratcly 
omitted to make careful corapansona with the living celL So far as 
possible’ he wrote, ‘we avoid the question of Ltbenstreue ’ 
The Austrian cytologiat Pischmgcr studied the effects of vanous 

fixatives on the nuclei of Tnammalian liver, with subsequent em 
bedding m paraffin His results, though mtercsting, were marred 
by his bchef m the homogeneity of living nuclei- 

For any teat of this sort, it is of great nnportance to choose a 
suitable teat-objccL There are some organs that are reasonably 
well fixed even by mdifferent fixatives. The mtestine of the newt is 
an example. Others are susceptible to distortion m vanous d eg ree s . 
One ne^ an organ that is difficult to fix well, so that the defects 
of fixatives may expose themselves clearly It seems likely that 
protoplasm is easily fixed when it aratains a high proportion of 
protem, and conversely, but this can only be proved when the 
mterfercncc microscope has given more information about the 
protem-content of cells. The distinguished cytologist, Bclar,** 
particularly recommended the testes of grasshoppers as test 
objects for fixatives. The former arc only available during a limited 
season but cnckcts (Aefuta dcmestiau) are convement laboratory 
animals,*** and their testes are npc at all times of year (See 

P 329 ) . 

As Bclaf remarked, the testis of the laboratory mouse rs em senr 
hetkia Object for tests of fixatives. The kidney cortex of the same 
animal is equally sensitive- A test of fixatives has recently been de- 
vised *• m which these two organs arc the objects of study The 
test involves the use of only a single embed^g medium and a 
single moimtant, and the results arc judged only from the pomt of 
view of the histologist. The test u made as thorough as these 
hraitatJOns permit- It could cosily be made wider in scope 

The testis w cut mto four parts and the kidney cortex also into 
small pieces. After appropriate washing the fixed tissues are 
passed through graded ethanols and toluene mto paraffin wax. 



REACTIONS OF FIXATIVES WITH TISSUES AND CELLS 73 
This method of embedding was chosen partly because it u so 
much used parti) because it has a strong tendency to distort and 
thus premdes a stnugent test Sections are cut at 8 fx and dyed with 
Hansen’s hacmatcin (so-called TnoxyAamainn) WTien a piece 
of tissue his been dehydrated, passed through toluene or other 
antcraedium, and embedded m paraffin, it has probably undergone 
all the distortion that the processes of microtechnique can wrtalc 
upon It and the choice of mounting medium is therefore of little 
significance for the purpose of the test Canada balsam was chosen, 
mainly because it seems to remain the most popular mountant 

It IS to be wished that we had some means of estimatmg the 
quahty of fixation objeem dy The degree of shrinkage or swelling 
can be measured (p 75) but we have no other numencal data 
and for the present it is ne cessa ry to rely on subjcctiv e impressions. 
Anyone who proposes to judge hxauves should equip himself 
for the work by prolongal experience m the study of living 
cells. 

People are often prejudiced in their beliefs about the value of 
different fiiiaves. To prerent this from influencing the results of 
tests, It IS essentul that the judge should never know whet fixative 
he his been judging until after he has given his opinion He 
should examine many preparations fixed in different ways and 
report fully on each b^ore being told which is which. Preparations 
fixed in fluids that contain osmium tetroxide are usuafly darkened, 
and they should therefore be bleached before dyeing, so as not to 
be rccogmaable. 

Written records should be made under a staodardiied set of 
headings before a definite opinion of the value of a fixative is 
formed. The following will serve os examples of headings m tests 
earned out with the testis of the mouse — 

outlines of scmmiferoui tubules (whether smooth as m life, or 
wrinkled by shrinkage) 

spaces between tubules (whether artifiatUy enlarged or dis- 
torted) 

cohesion of spennatogcnctic cells (whether maintained or lost) 

cytoplasm of spcrmatogenctic cella (whether homogeneously 
fixed, coarsely coagulated, or dismtcgrated) 

chromosomes (whether fixed m life like form m the maotic 
phases) 

dyeing (whether mtensc or weak, differential or diffuse) 



FIXATION 


74 

The report on the kidney-cortex of the mouse may be made 
under these headings — 

spaces between con\olutcd tubules (as abo\e under scrnmi 
ferous tubules), 

cytoplasm of con\*olutcd tubules (as above, under spermato- 
genctic cells) 

free border of epithelium of first convoluted tubules (whether 
smooth or ragged), 

nuclei (^^hcthcr smoothly rounded or distorted), 

red blood corpuscles (whether they retain their natural shape or 
arc swollen into spheres or otherwise distorted), 

dyeing (as abo\e) 

The most delicate parts of the two organs arc the cytoplasm of 
the pnmary spermatocytes and the free border of the first con 
\'oluted tubules Really good fixation of these is rarely seen m 
paraffin sections. 

It 13 convenient to compare fixatives by assigning them to differ 
ent grades. It is an arbitrary matter to decide the number of such 
grades, but e%cryone who undertakes work of this land will agree 
that two are too few (because more accurate diitinctiona can be 
made with confidence) and ten too many (because, if the aasessroent 
were repeated with the same slides, it would often happen that the 
same preparation was not assigned to the same grade) It is perhaps 
reasonable to make fix e (grade I the best, grade V the worst) To 
prevent xvaste of tune from prolonged mdecision one may eonie- 
times record the result as I-II II-III etc. Examples of gr^de I 
and grade V fixation are shown m fig 9 Some of the results of this 
test with simple fixatixes and mixtures will be mentioned in 
chapters 5 6, and 7 

The fact tlut a fixative falls into a low grade m this test by no 
means condemns it Grade V fixatives are usable with many organs 
that arc less dehcatc than mammalian testis and kidney-cortex. 
They may also have particular virtues of their oxvn. Altmann gives 
blocks of tissue that crack easily with paraffin embedding there 
is considerable shrinkage and distortion of the cells, chromatin is 
dissolved away Mitochondria however, arc excellently fixed and 
Altmann remains a useful fluid despite its mamfest defects. (The 
cracking docs not occur when Altmann tissue is embedded in 
collodion ) As a general rule, nevertheless It is obviously best to 
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on fixative* in the higher grades, when the embedding and 
nting media to be u*ed are the same as m the test- 
is wrong to spcalc of good and bad fixativea without raention- 
ie after treatment A fixative that atabdixc* structure against 
eddmg m paraffin is likely to give good results with milder 
' treatment, but one that works well with mild after tr ea tm ent 
give poor result* with paraffin Flemming * weak fluid 
IS a very poor fixative (grade IV-V) when paraffin sections are 
It should be rcmcrnbered that the great cytologist left 
ite pieces of tissue or separate cells m his fluid for half an 
• and then exammed them in water without any other treat 
t whatever There was no question of embedding and he 
itted that his preparations lost some of their debcacy if 
nted m glyccnne. In fact, he used his weak fluid rather as a 
ervative thwn a* a fixative- Ordinary formaldehyde/salinc 
naldehyde at 4% m 0*7% aqueous sodium chloride solution) 
i poor results (grade III-IV) with paraffin sections, but quite 
1 (grade II) with collodion An eartxeme example of the same 
u provided by Palade s buffered osmium tetrondc solution-*® 

I fijatrve is one of the best available to the electron micro- 
ist when tusues are embedded in methacrylate, but the results 
paraffin embedding are very poor (fig 9 b) 

on-quantitatrve test*, inchidmg the one wo have been dis- 
mg have considerable value, TTiu* it is important to know 
one fixative destroys rmtochondna, a second leaves them 
imaged but unfixed and * third stabilixc* them agamst paraffin 
edding A multitude of similar examples could be quoted. 

, It u to be wished that we had more knowledge that could be 
eased m number* Our mam fund of quantitative mformauon 
erns shrinkage and swelling 

he length and breadth of a whole organism may be measured 
re and after fixation, and at I’anous subsequent stage* of 
XDcnt- Thi* can be useful m various ways (for instance, by 
)Ung us to judge the initial nxe and therefore the age of cm 
«» that have been fixed) “• but it provides httle knov. ledge 
It the action of fixative*, since shrinkage or swelling may 
t mainly the cells or mainly the body-canty and other mter- 
ilar space*, or a vertebral column may mterferc with change* 
ngth that would have occurred in its absence. Soft organism* 
i relatively small mtemal cavitie* do, however provide useful 
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information, for shnnkage 1* usually uneven and therefore pro- 
duces obvious changes of form The ctenophore Pleunbraehut u a 
dehcatc oigamsm, urll suited to obseivations of this kind. If 
fixed m a solution of formaldehyde m sea water rt retains its 
shape well. If it now be transferred to 10% ethanol and thence 
slowly through 20%, 30% 40%, and so on up to absolute ethanol, 
the mam shnnkage occurs m 70% with obvious defonnation.*The 
lower ethanols, up to 60% or thereabouts, appear not to cause 
much shrinkage of properly fixed tissues, but there is always a stage 
m dehydration by ethanol, somewhere in the higher concentrations, 
against which no knoivn fixative will protect the tissues. 

Accurate measurements may be made of changes m volume 
undergone by whole organs, or by large cubes cut from whole 
organs.”* The hver and spleen arc especially suitable because they 
are fairly homogeneous m structure and contam no large empty 
spaces. The \T3lunie may be recorded when the organ is fresh and 
agam at any number of subsequent stages up to and including 
infiltration with paraffin- The results of experiments of this sort 
with liver are shown m table 4. It will be noticed that the change m 

TABLE 4 

Tfu effect of fixetum and tubtequeni irtaUnent m Ott tcharu ^ tetel# 
Zrem {ft rtuomnahan) 

(jWftzju of several obserratsons tn eecfi case rearranged from the data 
ofSerg”) 
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volume cause by fixation itself gives httle mdiotion of the total 
shnnkage that will have occurred when the organ has been m- 
filtnited with par affin wax. Potassium dichromate, for instancy 
causes no change of volume but allows the tissue to be ocessively 
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shrunk by after treatment. Picrjc acid shrinks strongly and permits 
much subsequent shnnkage. Mercunc chlonde and formaldehyde 
gave less final reduction in volume than any other primary (un 
mixed) fixative that was tested 

Hooks may be tnserted m each end of a piece of Uw or other 
tissue, and a strmg from one of them may be attached to a lei'cr 
this will record on a revolving drum the progressn'c changes in 
linear dimensions that occur at every stage from fixation up to 
embedding m melted paraffirL^** Experiments earned out m this 
way show that m routme microtechnique there are three stages st 
which shnnkage chiefly occurs after fixation. There is sudden 
shnnkage of mammalian organs on passing from 70% to 90% 
ethanol (reminiscent of the shrinkage of PUuTobracJua on passing 
from 60% to 70%) a gradusl but pronounced shrinkage in x} Icne 
toluene, or other anteraedium and a further prolonged shrinkage 
m hot paraffin (Liquid pamflBn at room temperature also shrinks.) 
These, then are the particular stage* in embedding against which 
fixative* do not gne protection. There are obvious advantage* m 
methods of embedding that evade some or all of the stage* at 
which shnnkage chiefly occur*. It is to be noted that absolute 
ethanol docs not have much effect on the volume of fixed tissues 
that hav'c already been soaked m 90%. 

It IS psrdcularly important that we should know how fixation 
and the subsequent pro cess es of microtechnique affect the volumes 
of indrvidufll cells. Those of regular form naturall} commend 
themselves for work of this kind because the} are eas} to measure 
The eggs of cows,*** rabbits,*** and echinoids ™ have been chosen 
for this reason also the fully-grown pnmary tpcnnatocyte* of the 
snail {Hflix aspena) The possible sources of error in this kind of 
investigation have been best appreciated by Ross,*** who, m his 
recent work at Oxford has nude ever} effort to avoid them and 
has even taken Into consideration the change of magnification of 
objectives when mounting media of different refractive indices are 
us^ He has expressed hu results in the form of medians and 
shown the scatter of his observations by the use of frequency 
polygons, whfle the others have rehed on the means of rcbtively 
few measurements. 

The dumeten of the cells can be measured while ihc} are alnc 
m sea water or other approprutc fluid, and at any number of 
subsequent stages in the routine processes of microtechnique 
1 lertwig s investigation was the most complete in thu respect 
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PanUlin embedding has alwa}*s been used It is desirable that 
comparative studies should be nude with other medu 

Fixation docs not necessarily shrink cdls and ma} indeed swell 
them strongH but dch}dration always reduces the volume below 
that of the hving cell and immemon m x)lene carries the process 
still further Some tj'pical examples arc giren in tables 5 and 6 

TABLE 5 

The ttj/toTxej oj unfertilized eggs of Arbaaa puttulosa at ranous stages of 
embedding in paraffin expressed as percenlages of the vohimes trhile alire 
msec cater Each figure u calculated from the mean duuneter of loto 15 
eggs {Data of lleritng **’) 
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TABLE 6 

The sxlumes of the pnmary spermatanies of the snail Helix rvpcTt2^fixed 
tn vanaus stmpU fixatives embedded in paraffin^ dy ed and maunUd vt 
Canada balsam They are expressed as percentages of the xolime of the 
living cell {Rearranged from the data of Ross ***) 


rormaldeb^e 4 « iq (nmtralirrd) 34 * 

Mercur»c cklondc mu aq 3 ® 

Chrommm tnoxide 0^5 » aq >9 

AcrticscuLs cq 33 

Potmium dichromxlr 3 aq >3 

pKnc aad ut sq 30 

Elhtnal, »b». <9 


Shnnkage always occurs when cells fixed m aqueous media arc 
transferred to 70% ethanol, and fiirthcr shnnlage at each sub- 
sequent stage, at any rate up to x} Icne c unforturutcly ha\ c no 
data on the change of volume of whole cells on passing from 
xylene to melted paraffin. 

A comparison of table 4 with tables 5 and 6 suggests that in- 
dividual cells arc more shninhcn than whole organs by the pro- 
cesses of routine microtechmque. It is doubtful whether roost 
histologists and cjlologists realize the extreme degree of com 
pression that a cell has undergone when it Is examined m an 
ordinary microscopical pr e | » r a t i on. (Sec fig 10 ) 
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The evidence suggests that nuclei generally shnnk leas than 
'whole cells Some of Hcrtwig * results vnth nuclei are shovm in 
fig II It will be noticed that infihration with melted paraffin 
cause* further shnntage of nuclei beyond that caused by dehydra 
bon and soaking in xylene. 

Shrinkage is harmful partly betamsc it alwaj'S mvolves distorbon, 
partly because structural detafi that approaches the limit of resolu- 
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bon of the microscope may pass be>-ond »b It it not surprising 
that paraffin wax is so much fa^'ou^ed by nucrotechnicums, for 
Knal scebons can be obtained %cry easily and their attachment 
to slides is quick and simple but there i* probably no other method 
of embeddmg that mvol\*cs so much shrinkage Our familiar fixa 
tr\ cs mat perhaps owe their sumvol to the fact that they git e the 
best (or least bad) results with paraffin embedding (Sec p 148 ) 
There u room for much erpenment here. We need new fixa 
utes that mil stabilize bssues better agaimt cxisbng after treat 
ments and nett after treatment* that will cause less shnnkage or 
preferably none at all The stearates of diethylenc glycol present 
coniidenble adfaniages in thi* respect.^**’*® The pol}cth>Icnc 
gljcoli ( carbowai ) ***• ^“•** arc parbcularly promising cm 
bedding roedu because bssues can be passed directly into them 
from water and shnnkage seems to be slight but there arc siHl 
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practical difficulties m their use, especially in the flattening of 
•cctions and their attachment to slides. 


‘For the good working of many reagents it is of the greatest 
importance that they should be dissohcd m a medium that 
cannot itself produce disorganization by osmotic disturbances. 



no II Gnph thorrlag the dlrct of finrion md 
fubK^qumt trcitroeot on the rohime of the micW 
of cartjbg?e><«Uj (*Gq*uU of Salomendrm mom 
foxo) Esdi point f c pi e tt nu the mean of ao 
raeudiemmu. 

(FroB ibttUtaof Iteime **) 


Therefore for instance, for the prescrvTition of marine algae 
alcoholic solutions and solutions m distilled ^\■3tcr arc to be 
absolutely rejected Parallel cipenments with picnc aad, osmic 
aad and iodine dissolved in alcohol in distilled water, and m 
sea water show ^\ithout exception that only the solutions in 
sea water give rcafly good results, when one uses delicate 
objects.’ 

These statements were published in 1882 bj Berthold who ss 
we have seen (pp 40 and 66), was one of the first to approach 
the problems of fixation scientifically We do not yet understan 
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the causes underlying the results he obtained. The facta may be 
briefly stated thus. The best fixation is often obtained if the fixa 
tive substance is dissolved, not m distilled water but m a solution 
of an ‘indifferent or non fixative salt, such as sodnim chlonde or 
sulphate. 

MQller used sodnim sulphate nearly a century ago m a 
mixture with potassium dichromatc and this salt is used m making 
up Zenker and Helly *** to tbi* day because these fixatives 
were based on MQUer’s. Hcidcnhain “ long ago dissolved 
mercuric chloride m a solution of sodium chlonde, and the same 
■alt IS commonly used with formaldehyde. 

The advantage of addmg an mdifferent salt is shown particu 
larly clearly by the cells of manne algae and manne invertebrates. 
Young mvestigatcd this matter with the neurones of the cuttle- 
fish, Sepia ofictnahs He cut the stellate ganglion m two and put 
one half mto a solution of a fixatn^ m distilled water and the 
other into a solution m sea water The two halves were then cm 
bedded together m paraffin and sectioned. When the fixative was 
picnc aad, chromium tnondc, formaldehyde, osmium tetroxide 
or potassium dichromite, the half fixed in the solution m sea 
water was greatly supenor to the other (fig 5 b-e, opposite 
p 67) It appeared that when the cells were placed m a solution of 
the fixative m distilled water they swelled, bunt, and then col 
lapsed with serious ahnnkage and distortion though this sequence 
of events was not actually observed m the presence of sea water 
they more or less retained their shape. Fixation by mercuric 
chlonde and acetic aad was, however, scarcely affected by the 
presence of the salts of sea water 

Hertwig ** made a quantitative study of the effect of tea water 
on the fixation of the eggs of sea urchins Some of his results are 
shown m fig 12 It mil be seen that when formaldehyde was dis- 
solved in distilled water the eggs increased greatly in TOlume dur 
ing fixation but they did not burst. Increase in volume was ibght 
when sea water \m used as solvent, and the eggs remained 
*mallcr than the others throughout dehydration and in xylene. 

The cells of fresh water and terrestrial organisms arc less 
•enntive to the presence of mdifferent salts than those of marine 
®lg3e and marine invertebrates, but similar effects ha\‘e been 
observed m them by SjOvall Carleton and others. For many 
references to the early Irteraturc of the subject, see Schaffer " 
\*hen the \crtebrate kidney ts fixed m formaldehyde dissolved in 
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dutillcd water, the tubules appear shrunken m paraffin sections, 
but when this fixative Is dissolved m 0*9% sodium chlonde solu 
tion, the epithelium of the tubules sometimes swells so much that 
the lumen is almost obhterated m the final preparation,^'’* Some 
impression of the effect of indifferent salts on the fixation of 



no 13 Gntph •bowing bow the rohnne of the 
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(Fram tb* tem of Hwnrif.***) 

mammalian cells can be obtamed by means of the system of gradmg 
described on pp 72 to 75 It will be remembered that the grad 
mg Is done while the judge does not know what fixative was used 

in the preparation of the slide hisjudgemcnt is therefore impartial 

The results with several fixatives are shown m table 7 In no case 
was a fixative placed m a higher grade when used without^ 
indifferent salt than when used with it The first three fixatives 
m the table were markedly unproved by the addition or an 
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TABLE 7 

Grading of twtple fixaticn tatA and xntkovt the addition of tndiffertni 
salts** The jixairces tsere toed at the conttnirations skotm on p 34. 


Fixelrt* 

Grade 

trukeat 

tndiffertra 

tall 

Grade 

mb 

imdiJSrrmi 

salt 

Indfffertwt 

tah 

toed 

ConcenSraSiem 

cbktroplaimlc 

IV 


■odiiBti 

chlonde 

ons 

diromiuin 

in 

II 

•odiuni 

chlorids 

O’? 

fonnalddnde 

IV-V 

IK 

etJejum 

c^ride 

i-o 

plcnc sek) 

IV-V V 

IV 

fijih.) 

•oahmi 

ditofido 

O’? 

memme 

chloride 

n 

ni-rv 

•odium 

dilorklo 

0 6 

ocmlum 

tetroxUUi 

rv-v V 

iiNiv, in- 
IV, rv 
IV-V 

•odnflB 

chlorKle 

0-7 

poUcchtm 

V 

•odhjm 

chJonde 

0-7 

tndilertcetic 

tad 

iir-rv 

in-iv 

•odHon 

dJond* 

on 

teeue tdd 

III 

III 

•odhtm 

chloride 

on 


indifTcrcnt iilt, and nxwt of the othen tlighUy with trichloracetic 
and acetic aada, however there was no difference. 

The facts, then are clear enough. Indifferent salts do improrc 
fixation by certain fixativct, especiafly the fixation of the cells of 
marine algae and marme invertebrates. The reason for this is not 
obvious. More than half a ce n t u ry ago the Swedish m\’estigator 
Sjfibnng laid it down that formaldehjTje should be used at such 
a concentration as to make the fluid isotonic with the tissues to be 
fixed. For mammalian tissues he used formaldehyde at 8 to 10% 
He should actually have used it at about 4% to achieve his pur 
pose,*” but the question is whether his pnnaple was correct. The 
evidence against it is conclusive.***’ ***• *• Fixatives may be made up 
so as to be hypotonic, isotonic, or hypertonic to the body fluids 
the results show that there is no virtue m aotonicrty *” Acetic 
aad at $yo tusuea, yet it exerts an osmotic p re ss ure of 20 
atmospheres, about three tunes that exerted by mammalian blood. 
Chromium tnonde at |%, wrth the very small osmotic pressure 
of I 4 atmosphere, ahnnks cells strongly Similar examples could 
be multiphed ** It la dear that the total osmotic preasure exert ed 
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by tbe constituentB of a fixative is unrelated to the stvdhng or 
shrinkage of cells. 

According to several authors,*’ fixative substances 

should be dissohed in a solution of an indifferent salt giiang an 
osmotic pressure equal to that of the mterccllular fluids of the 
tissues that are to be fixed It folloivs that the fixative solution as a 
whole should be hypertonic to these fluids. 

It 13 claimed that when a piece of tissue is placed m a solution of 
a fixati\e substance dissolved m distilled water, the cells m the 
centre of the piece are affected as they would be if it had been 
placed in distilled water TTie 10 ns of the intercellular fluid diffuse 
rapidly outwards into the fixative solution, while the fixative sub- 
stance penetrates more slowly mwards. The mterccllular fluid 
therefore becomes hj'potomc to the cells, and the latter accord- 
mgly swell and buTEL If the fixati\c is dissohed m a suitable saline 
medium, the mobfle ions of the latter counteract this process by 
diffuamg mto the tissues ahead of the fixative 8ubstancc.‘“ It is 
to be noticed that this theory postulates the presence of on inter 
cellular fluid Now we ha\*e al^dy seen that echmoid eggs swell 
strongly when placed m a formaldehyde solution devoid of in- 
different salts, but scarcely at all when this fixam e is dissoh ed m 
sea water Thus the mitial ewcUmg postulated as the prune cause 
of the damage, occurs also when there is no mterc^ular fluid 
Be)*ond this, it is to be held m mmd that no one has proved that 
cells do m fact burst when placed m fixative solutions lacking 
mdiffcrent salts They appear tip-unkm m the final preparation It 
is not clear why a burst cell must sbnnL 

It IS argued that fixative substances can pass easily through cell 
membranes, and that they ore therefore not able to exert osmotic 
pressure on the cell contents,**® It has also been argued that the 
cell surface is so much ahered by fixation that it is no longer able 
to act as an osmotic membrane when a fixative has reached it*®" 
Hertwig 8 experiments with cchmoid eggs do not appear to support 
these opmions. Formaldehyde comes up against the cell membrane 
directly the eggs are put m the solution yet there is swelling unless 
the fixative was dissolved m sea water This suggests that the cell 
surface contmues to act as an osmotic membrane. 

If the mdiffcrent salt acts osmotically it must perform its 
function while remammg outside the cells. Wc ha\’e no proof that 
m fact It remains outside. On the contrary it is concci>"ablc that 
It enters the cells %\ith the fixative and then produces the observed 





S'S, '^1 “"^“*™” t "is 

«4iD0id fm. fiict m.”*^ "^nce of °'**'‘^ 'ad u ,„ 7“^® 

-s "F~a“'S.t5» " «rs- “is 

s%S?sS:'S?.'i“=sC"”' 

•*'"» 


*^^Jft»np« j ^®®QK3tlear/ *®^^^Vdjff. Dn»^ ^ ^ 

‘"’^uoaiw , ”*athajK_ "^g u. ^ 

S*<-s-S"-.r:r""“'"i 

« f "/.« 7/o -na. tl.o^'^^^t.. 



88 


FIXATION 


picnc aad and acetic aad leave the tissue very soft and incapable 
of being hardened to any considerable extent by subsequent 
soakmg m 8 o% ethanol 

The effect of fixation on dyeing will be considered later in the 
book (p 202) when the nature of dyes and the way in which they 
attach themselves to tusue-^nstituents have been discussed 



CHAPTER 5 


Primary Fixatives Considered 
Separately 1 Coagulants 


The term primary fixatrvea it ueed here to mean tingle fixative 
iubttancca at oppoted to mixtures of two or more m a amgle solu 
tion Primary fixatives miy be used either abtolutely, as ethanol 
for instance, la sometimea used or in toJution m distilJcd water 
or m aolution m water with an indifferent salt 
The action of fixative matures can only be understood through 
a procesi of analysis It is for this reason that the preceding 
chapters have been concerned almost entirely with primary fixa 
tives. In this chapter and the next such fixatives will be discussed 
one by one The vanoua facts that have already been related about 
them will here be brought together m summary form, and fiirther 
information will be added so as to afford ss msny sided a view of 
each as possible. Certaid unportont ficts ibout fixation are not 
wtU fuit^ to the kind of general tre a tm ent adopted m the carher 
chapters, but lend themselves to separate exposition under the 
heads of particular fixatives. 

It u thought that the pnnaplea of fixation can be explained 
better by s fairly full account of a few primary fixatives thm by a 
sketchy one of many The eight described m these two chapters 
have been chosen partly because they are components of familiar 
mixtures, partly b«ausc they are diverse m action and illustrate 
many important pomts about fixation. The selected primary 
fixatives are these — 

coagulant 
ethanol 
picnc aad 
mercuric chloride 
chromium tnoxide 


This chapter, p 9a 
P 96 
p 99 
. P ICL4 
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vanous cells by several authors especially Strangeways and 
Cant! and Policard, Bcssis, and Dndtn.^M The effects described 
are those produced by the fixative itself, -mthemt subsequent 
dehydration or other treatment. 

Methods of xcashng out No comment is necessary here 
Effects on dyeing The effects of different fixatives on the affinity 
of tissue constituents for dyes have only been briefly touched on m 
the preceding part of the book, because it is thought better to dis- 
cuss this subject m the part dealing ^ith dyes (p 202) The m 
formation is nevertheless summanied here, so that no one who 
uses chapters 5 and 6 for reference will be mconvemcnced by 
the absence of any mention of this important aspect of fixation 
Effects on the histological picture seen in paraffin sections The 
grading of fixatives mentioned under ibm heading, has been fuDy 
described on pp 72 to 75 It is important to remember that this 
system of grading is based on judgements made from the point of 
view of routine histology The fact that a fixative falls m one of the 
lower gmdes by no means nccesaanly condemns it It may have 
virtues that ore only brought out by mixture wrth other fixatives, 
or It may be usefid for some particular purpose in cytology or 
histochemistry or give good faults when some other method of 
embedding is used 

The attempt is made under this heading to present a general 
picture of wtat is seen m the finished preparation by mtcgrating 
the results of the gradmg test with the findmgs of Tcllyesmcity 
Zirkle,***' Pischinger and Casselman These authors did 
not all use the various fixatives at exactly the same concentra- 
tions , but despite this, and despite the dn eriity of the cells stud- 
ied It is possible to draw certam general conclusions. 

CompatlbUity vnih other fixatwes No comment is necessary here. 


ETHANOL (ethyl alcohol) 

Standard concentration for fixation. Absolute (100%) 

Formula and formula toeighi CjHsOH 460 
Dttcn^fion Ethanol is a light fluid (specific gravity 0*791 at 
20“ C), miscible with water m all proportions It boils at 7S* C an 
sohdifies at about — 112® C If free from water it gives no cloudi 
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ness on mixture with benzene and does not produce gas (acet> Icne) 
on contact with calcmm carbide. Ethanol is a powerful dehydrating 
agent, 

lomsatum Not ionized 

Oxidation-potentiiiL Ethanol at 95% showi an ondation- 
potential of o 45 volt.*^ Of the eight fixatives considered m this 
chapter and the next, only formaldehyde shows a lower potential 
Mora^arture It 11 usually prepared from mak or molasses by the 
action of yeast, with subsequent distillation. Fractional distillstion 
docs not give a higher concentration than 95%. Datilbtion of this 
strong ethanol at 81® C m the presence of anhydrous calaum 
sulphate or some other suitable dehydrating agent will gne 
ethanol at 99*95%* 

Ethanol is azeotropic with benzene that u to say it forms with 
benzene a binary mixture with sharp boding point (6S* C) It also 
forms a ternarv azeotropic mixture with benzene and water with 
even lower boding point (65* C) If benzene » added to ethanol 
contauung some water and the mutturt is distilled the ternary 
mature comes off first, then the binary nearly pure ethanol is left 
behind, sbghtly contanunated with benzene. The btter can be 
remo v e d by filtering through actiie charcoal It a called azeo- 
tropic ethanol, though ictusUy it consists of that fraction of the 
ethanol that did not form an azeotropic mixture. 

iHlToduction as fixaJtve Wine was used m embalming bv the 
anaent Egyptians, but not as the pnnapal preservative Ethanol 
appears to ha\c been first used as a preservative for spcaficaJly 
anatomical purposes by Robert Bo>lc at Oxford in 1663 The 
use of spints of wine for the preservation of animals ivas n*ell 
cstabbsbed before the middle of the eighteenth centuiy It was the 
examination of a spint speamen of /J/rvoraum collected by 
Bernard de Jussieu on the coast of Normandy that convinced 
Riaumur that this and other zoophjics were m fact animals 
and Rdaumur himself*** subsequently recommended the use of 
the same fluid for the preservation of bir^ IIcnr> Baker** prescr\ cd 
h>*dra m spints of wine but subsequently allowed hu speamens 
to dry The special virtue of ethanol when mixed with acetic oad 
wasdtscoiXTcd bj Clarke in 1851 
Revelians talh protans Fthanol is a non additive coagulant 
fixau\*e Coagulate* arc digestible bj pepsin and typsin Indmatur 
ing proteins it shifu their lio-clectnc points less than other 6xati\ cs 
do Its capacit) to denature IS much affected b) temperature there 
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IS no measurable denaturabon below —15® C It tiouly gtktmuc* 
histones It docs not denature zcin or ghndin^ nor docs it stabd 
ire gelatine gel agannst solution b> warm water It comerts 
hacmoglobm into kathaemoglobm that is to aiy rt denatures 
the globin without splrttmg off the haem. 

Ethanol is a non coagulant of nucleoprotcin Nucleic acidi are 
preaprtated from solution^*****® but not rendered insoluble m 
water 

Reactions vnth hptds Ethanol does not fix hpids in the sense of 
rendering them insoluble m hpid solvents. 

Tnpalmitm and tnsteann arc almost insoluble m cold ethanol, 
tnolcm somewhat soluble, similarly palmitic and (especially) 
itesne acid have only alight sohib/hty m the cold fluid while oleic 
acid IS readily soluble. Cholesterol is slightly soluble, the common 
cbolesteryi esters nearly insoluble. Lecithin is soluble, the ethanol 
amine and senne esters of phosphatidic aad, together constituting 
ccphalin , are insoluble, except in the presence of Icathin. 
Sphingomyelin and the cercbrosides arc insoluble.*®’** Piasmtlo- 
gen IS soluble in ethanol but when associated with elastic fibres 
It IS not extracted by this solvent."* 

Thus among the common hpids only tnolem olac aad, 
lecithin, and plasmalogen show more than slight solubility m cold 
ethanoL Most hpids arc soluble m hot ethanol, but this is not used 
for fixation 

Dflute ethanol 18 an ‘umnaslang agent, capable of splitting hpids 

off from certain hpoprotem complexes 

Reactions mth earbohvdrates Ethanol does not fix carbo- 
hydrates. Glycogen is insoluble m it and is therefore precipitated 
unchanged 

Rate of penetration Ethanol penetrates slowly into clotted 
blood plasma,**’ but it goes rather quickly into tissues •‘’®’ •***^** 
Tellycsniczky 1 *** and Seki s *** results with mamm a l ia n Iwer 
agree closely The K value obtainable from their data is almost 
exactly 1*0 , 

Shnnkage or ttoeUatg Ethanol ahnnis gclatinc/albuinin ^ 
more strongly than any other fixative except acetone.** It also 
ahnnis whole livers strongly though not so much ts chromi^ 
tnoxide and picnc aad do ■* It shrinks Arbaaa eggs to less fhm 
half their onguul volume. The primary spermatocytes of 
aspersa are shrunk to 19% of their original \olumc when paramn 
sections of ovotestes fixed in ethanol ha\e been mounted m 
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Canada balsam No other fixative studied by Ross *** gave so 
much thnnkage of cells m final prcparationa. There is evidence 
that nuclei arc not so badly ahnmk as whole cena.**® 

Hardening Ethanol hardens tissues extremely more so than any 
other fiiatrve except acetone. Wetzel s figure representing 
ngidity (elasticity) is about 4600 (about 20 time* as great os the 
figure for chromium tnoxide) 

Immedtate efftcU on particular constUuenis of the cell A coarse 
coagulum is produced throughout the cytoplasm, mrtochondna 
are dest r o ye d lipid globule* tend to fuae and may dissolve. A 
coarse coagulum appear* also in the nucleus the nucleohis is 
shrunken 

Method! of toashng out Ethanol is misdble m all proportions 
with toluene and similar antemcdia for paraffin cmb^ding and 
also with ether (and with water) It follow* that no special washing 
out IS necessary 

Effect on dy emg Ethanol haa less effect on the dyeing of protans 
than most fixative* have. Athumm remains readilv colourable by 
both basic and aad dves protamine, strongW basic before fixation, 
remains ladophU afterwards,*** Faed c>’toplasm react* to dye* 
like fixed albumin chromatin is rendered strongly colourable by 
basic dyes, but its distribution in the cell is not stabilized, and 
ethanol is therefore a very poor fixatrve for chromosomes at all 
stages 

EffeeU on the fnsioli^al picture teen in paraffin jfcfionr By 
Itself ethanol is a poor fixatiN'c (grade IV) CcIluULr aggregates tend 
to shnnk apart from one another leaving rather large space* m 
between cell* also tend to separate from one another cytoplasm 
contracts strongly Red blood-corpuscles are not badly fixed, 
partly because haemoglobin u preserved (as kathaenioglobtn ***) 
partl> because the chief distortion to which they tre subject is 
twetUng and ethanol prc\ ents ihu Nuclei are fix^ without much 
distortion of shape a nuclear network ta not produced Chromo- 
somes ore not distinctlj seen 

The cytoplasm often contracts m such a way that it is piled up 
against the cell membrane on the wde opposite to that from 
which the fixative penetrated. Any glycogen present m the cell 
will be found In the displaced mas* of cytoplasm. The contents 
of the nucleus arc often piled up against the nuclear membrane 
in the same way Thts cunout onentabon of the protoplasm has 
not been sauifactonly explained It is presumably connected with 
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the considerable reduction m volume that takes place Tvhcn 
ethanol is mixed ^th water 

CompatUnbty mth other JixaSwej Ethanol is compatible mth 
picnc acid, mercunc chlonde, formaldehyde, and acetic aad, but 
It reacts with the latter substance to produce ethyl acetate if 
sulphuric aad be added to the mixture- Smee ethanol tends to be 
oxidized through aldehyde to acetic aad it is best not to mu it 
with chromium tnoxide, potassium dichromate, or osmium 
tetniside. It docs not react quickly with potassium dichromate, 
however unless the nurture be aadified The ratcUon vrtih 
osmium tetroxide to produce a black precipitate is also slow at 
room temperature. 

Unclamfied remarks So far as is known ethanol is the only 
non aqueous fluid, other than methanol and acetone, that gwes 
reasonably good results when used imdiluted as a fixatire,**^ 
though aome might make a clomi for dioxanc. 


PICRIC ACID (tnnitrophcnol) 


Standard concentration for fixatioru Saturated aqueous solution- 
OH 

Formula and formula xcetght 


229 I 


NO, 

Description Prcnc aad consists of yellow leaflets or pnsms, 
melting at 122° C It is shghtlj soluble in water (i 4% w/w) more 
so m ethanol (4'9%) still more m benzene (10%) Its solubilrty 
m ethanol and ether often results in Ac jxDow coloration of cob 
lodion blocks containing tissues fixed m picnc aad. 

Picnc aad decomposes explosnrly when heated suddenly or 
detonated, and is therefore usu^ly damped for etorsgt. Until 
displaced by the related trmitrotolucne, it was the chief high 
explosive used for mflitary purposes. It was manufactured at 
Lydd m Kent and recenTd the name of lyddite. At the present 
day It IS still used as an explosive m the form of its potassiuin, 
sodium, and ammonium salts. 

This IS the only substance that is used m microtcchmque both 


as a fixative and as a djT (p 185) 

The name is derived from the Greek work meaning bitter 
lomzation This is a much str on ge r aad than phenol. The pH 0 
the saturated solution has been given as i 33 *** and 1*6 *** 
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Oxidation potenitaL The saturated solution ihcnv* an oxidation 
potential of o-8a volt *** a little more than that shoNvn b) a 5% 
solution of mercuric chlonde. 

Manufacture Picnc aad may be prepared by the direct action 
of mtnc aad on phenol, but thu u wasteful b^usc part of the 
phenol is lost bv oxidation In industry the ortho- and para 
sulphomc aads are first formed by treating melted phenol with 
concentrated sulphuric aad The resultant phcnolsulphonic acids 
arc dissohed m water and treated with mtnc aad NOj groups 
novr occupy the ortho- and para posiuons. 

Introduction asfixaint Picnc aad was mentioned as a hardening 
agent by Ranner in 1875 ** known who first intro- 

duced It into microtechnique It was much used by Flemming 
from 1879 onwards in his pioneer work on chromosomes. 

Reactions mth protans Ptcnc aad u a coagulant fixatiNC Itua 
particularly strong coagulant of the histone of the nucleus It 
does not stabilac gelatine gels. It forms aystalhnc compounds 
with amino-aads and is probably to be regarded os an additi\c 
fixatire of proteins though its precise potnu of attachment hare 
not been disclosed It is on alkaloidai reagent and the claim u 
made that rt fixes basic proteins while allowing aadic ones to 
escape by solution Coagulated protan is digestible by pepsin 
and trypsin 

ith nucleoprotan solution picnc and produces fine flocculi 
which are eicntuall) prcapilat^ DN \ is either left in solution 
or precipitated in a water soluble form *** Tlvc fact that picnc 
aad may preapitate the protan of nucleoprotan while leaving 
nucleic aad in solution has been used m the preparation of DN A 
Reactions rath Uptds ^onc has been reomlcd I ipidi arc not 
dmolvcd by aqueous solutions of picnc acid. 

Reactions taih carbofn-drates Picnc aod is not a fixatnc of 
carbohydrates, but is strongly recommended by I iwm **• as a 
constituent of fixatives for glycogen The latter sulwiancc is 
appirenllv bound to protan (sometimes quite firmlv as desmo- 
giycogen’h and picnc sad not only docs not set u free liut acts 
on tlw protan in such a way as to cause the glycogen to resm 
soluiion 

Rate rtf penriraUm Picnc aad penetrates into gelatinc/atliumm 
gel more slowlv than am other fixalne that has been tncj (K tr* 
o-S) It also goes rather slowlv into luTr (K - 0-5) **(secfig 5 v 
oppo uc p (ef) 1 cUvesniakv and UnJethdl both Icsird 
c 
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It tt «bout half-saturation and found alow pcoctratioo into Imr 

Shrinkage or sweUmg Picnc aad has little effect on the Tohnne 
of gdatm^albumin ^ but it shrinks whole livcm to 74% of 
the original volume, after infiltration with paraflfei the volume i» 
reduced to 42% Tha represents greater shrinkage at the paraffin 
stage than tiut produced by the other fixatives studied by Berg •* 
It u evident that the shnnking effect of coagulation outweighs any 
tendenqr to swell as a rc*uh of tadity The total shrinkage of tltt 
primary spcnnatocytc of Hebx aspnxa caused by fixation m picnc 
icid and subsequent treatment up to the mounting of paraffin 
sections tn Canada balsam, IS excessive the cell only occupies 20% 
of Its original volume,^ Ethanol is the only fixative th«t produces 
greater final shrinkage than this. 

Hardemng It la strange that tha fixative, which nvsls ethanol 
m the shrinkage it produces, comet almost at the oppeate end of 
the scale as a hardener Ethane^ hardena dasuea cx cesw re l y picnc 
tad leaves them very soft, and incapable of being much hardened 
by 80% tlcohoL Wetzel s figure for ngidity a 69. Hist for chro- 
mium tnoxide is about 3 4 times as great The value of picnc aad 
as a fixative hes partly in the soft consatency it gives to tosuea. 

Ivmediate ^ects mpartmdar eonrUiuatxaf ihMctU Pseudopoda 
tend to be constricted into s epa rate globules, the ground 
plaam a coogulated with varying degrcea of cosneness mito- 
chondna are not des tr oyed, but sometimes become monihfonn, 
hpid droplets may fuik The nuclear sap a coagulated, the 
nucleolus somewhat shninkem Chromosomes are rather wdl 
preservesL 

Me^tods of wuhag ottf It is sometimes said that proton 
coigulated by picnc aad is soluble in water and that care should 
therefore be t^en to transfer tasues directly to ethanoL Tha 
does not appear to be true, but nevert heless there » generally no 
advantage in washing out m water, mice the eacccsi of fixatrre » 
more readily removed by ethanol or mdeed by benzene or other 
antemedrum used in paraffin embedding Any yellow coloor 
remaining m sections may be removed by the action of an tgucoos 
solution ^ lithium carbonate,*** or replaced by the acGon of some 
other aad dye. 

Effect on Pktic aad rendcra ^g-white aadophfl- The 

effect on cytoplasm is similar* very little affinity for basic dyes is 
rctamctL Vfhea nucleoprotan a coagulated by pterk sod, the 
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DNA remains m solution (compare Lcvcne®*) Something umihr 
appears to occur m the fixation of tissues, for chromatin fixed bj 
picnc aad has httlc affinit} for basic d) c*, while some forms of it 
ore rendered quite strongl) aadophil *• It must be supposed that 
in these cases a basic protein is separated from DJsA and coagu 
latcd while the DNA dissolves 

Ejjtcts on thf hulologjeeJ ptctvre iom tn paraffm srttions Ev en 
with the help of an indifferent salt, picnc aad by itself is a grade 
I\ fixative There is little tendency for cellular aggregates to 
shrink awa> from one another but cytoplasm generally assumes 
a V cry coarsely reticular form or contracts into a mass surrounding 
the nucleus, or even disintegrates. Red blood corpuscles swell and 
become sphencaL The shape of nuclei ti rather well presened 
the nuclear membrane ts clcariy shown a nuclear network is 
produced 

Compalilnbfy tnih other fixaintt Picnc aad is very tolerant of 
mixture with other fixativ cs. It may be used with any of the others 
des-enbed m this chapter and the next 

MERCURIC CHLORIDE 

StanJard coneenlration for fixatton Saturated aqueous solution 
Formula enJ formula crn-A/ IlgCl^ 271 5 
Dncnf^ion 'Die crysmb Jong white ni^Jcs. The molecule 
has a linear shape the chlonnc atoms being at opposite poles of 
the mcrcurv atom- The meUmg point is 275 C but the boibng 
point IS not far above (301 ) and the substance sublimes easily At 
room temperatures mercunc chlonde dissolves in water at from 
0*6 to 7 i*’ o Yf/w It IS also readily soluble in ethanol and bcnrcnc 
This substance is used as an ontisepiic and disinfectant in the 
dressing of furs, m the intensification of photographic negtmes, 
and tn the preparation of vanous mereurK compounds 

Smee mercunc chlonde iv usually prepared by sublimation 
and in strong solution n corrosive to the tissues of the mouth it 
used to be called corrosive sublimate When taken into the bodv 
in small quantities it mav cause acute nephritis the tubules and 
sometimes the glomeruli being affected the formation of unne is 
reduced and mav cea<e with consequent death 
ioeira/irw The rlcclncal conductivity of soluimns of mercunc 
chloride iv low because of limited lontzatinn Solutions of this 
substance are cvtiemcly complex. PartuI hydrolvsis is said to 
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grre (HgCT)iO or HgaOH ■wiih hrditmium and ddonde ion*. 
[Hga*]” [HgCI]* and the menninc [Hg]”" ion arc present, m 
addition to xmdissocaated Hga..”" [HgCI|}- a pamaibrh- 
readihr formed m the prcfcncc of odier dJondcs, and mcrainc 
ddonde u more soluble m sohitiona of sodium dilonde tVi*Ti m 
disnlled -water (about lo^'o mo-75*'ofodramdi2ande). 

The hrdronium ion produced bv hvdrolvsa results m moderate 
aoditv The figures given for the pH of saturated aqueous solo- 
tions varv from n*S to ^-fi,^^*****^*** A. careful reading of the 
pH of a 5^0 sohmon gives 3 -5 ^ 

Sohmons of meirunc ddcnde become more and d n nnr fisa 
tion.^ AD other aa£c fucatives Tnarntmu their pH or become less 
aad dirrmg fivation. 

O.T?ief:enr-/»CL^Trf;ci[. The merc un c ion b capable of reduction to 
the meicurtnis [HgJ"^ ion, and mercunc chlonde can there fore 
act as an ondirer A 5^0 aqueous solution shows an cndanon- 
pcrential of 0-75 voh. This is a httlc less tbrn the figure for ^5*'o 
potassium (Schromatc and a bttle more than that for 2^0 osmium 
te trcixi de. Thus merc un c chlonde u a modcratclv strong cod duet 

Afcsyfciitav Metalhc m ac ur v b dissolved m ccncenlirted 
sulphunc aod the sohitian u heated and sodnim chlonde u 
added, wuh a Dttle minganese dioxide. Mercunc chlonde is 
formed. The temperature is mcreaycd and it sublimes. It b caught 
on the mtenor surfaces of gdasi fimnds. 

Alte imuv dv mer c u nc chlonde mav be made bv the direct 
chlormction of mercnrv The metal ‘bums m an atmosphere of 
chlorme. The product sublimes and is depemted on the -walls of 
the chamber m -which the combination occurs. 

IrindzcUcm csjzxctrvr Mercunc chlonde appears to have been 
first used as a preservative for anatomical speamens bv the French 
surgeon and anatomist, ChausoeT(i746-iScS).*^ Gcadbvmduded 
It m preservatTve nuxture, whidi was recommended bv 
Ouekett ** but tbe substance was so dilute (about o-oc5®o) 

It cannot have acted as a fixative, and Goadbv s fluid must have 
reEed upon its other constituents for its preservative quaEnes. In 
1S47 die distinguished Frendi morphologist Blanchard added 
a sohitiDn of mercunc chlonde to sea-xvater to fix maime Turbeb 
lana. Com used it as a fixative m hB histological study of the 
inner car and so did Remah *** m his wvjrt on the mulunucleate 
ctlli of the hvcT 

T.-mr the cdebiated Swiss xod(^ist and imcrotechiuaan, 
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alighted by chance on Blanchard'i paper ind dcaded to ti} ir 
cunc chloride as a fixative, fint*** with manne TurbcHana 
1878, afterward***^ with a wide vancty of nunne imtrtcbra 
He used it both aa a ttraplc catumted toluticm and alto m nuxtu. 
The populanaation of raercunc chlonde a* a fiiati\-e was du< 
Lang Unfortunately he gaiT no exact reference to Dlanchai 
paper, and Whitman,*®^ m hit well faiown textbook of microte 
nique, gasc a wrong one- Thete facts have clouded Dlanchai 
priority of 31 year* Ranncr mentioned mercuric chlondt 
1875 ** ° tubt^ce uted in bittological technique hut did not 
for what purpose. 

Rettcttonx tn//i pninns This it a powerful coagubnt of »oIu 
proteins. The coagulate u not to readilj digcttiblc by peptin 
tryptin a* that produced by ethanol or picne acid. Hutonc 
geiaiimacd Gtiatine gelt ore not stabilized. 

Mercuric chlonde reacts with the tulpbydryl groups of 
C5*steine component of protcint, forming Imkt between prot 
chains but in the arcumttancct of ordinary fixation much m 
mercury ts taken up in other waj"* On the aad tide of the 1 
clecinc point of the protein it is taken up chicflj b> ami 
group*, a* [HgCIJ* The combination it vvy loose, it it promo 
by the presence of added chlonde (for instance, todium chloni 
On the lew aad *idc of the iso-cJectnc point the molecule ta tai 
up as a whole, os IlgClj. It associaTcs with amino^groups, 
which It u looicl) held the combination ts opposed by chlor 
and bj iodide These reactions with araino-gnxip* arc coagulati 
It IS perhaps relci'ant that mercunc chlonde it laid to be 1 
antiicpUc in the presence of todium chlonde,*^* In alkaline tc 
tion mercunc ions arc taken up b> Qrbox\ 1 groups in the prot* 

Mercunc chlonde it not a \-ery powerful coagulant of nud 
protein fine floccuh arc produced It is also a weak prcaprtani 
nucleic aad*.*"’ *** 

Rfiutions (ath l/ptds Mercunc chlonde is not known to rc 
with tngljccndct There it evidence ’• henwer that thctc col< 
less strongly with Sudan IH and IV (p -99) and inth NDe : 
(p 301) after treatment with thu fixative than after treatment w 
formaldchj dc, Mercunc chlonde forms compounds with ph 
pholipids,** hut the soluhilme* of such compounds appear noi 
have been m\*tttigalcd The toluhilit) of cenam conjugated lip 
in lipid sohenuii supposed lobe reduced b\ treatment with *; 
of cadmium (compare Ciacao and since this metal is rcla 
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to mcrcmy xvc may perhaps expect that mercunc chlonde 'trill 
be foimd to be a fixative for these lipids. 

The salts of the three related metals, mercurv cadmium, and 
zinc, arc said to separate certam lipids from lipoprotcm complexes 
and thus them.^* 

The most striLmg property of mercone chlonde m relation to 
hpids or hpid-Uke substances is its capacity to hydrolyse plasma 
logen m such a rvay as to separate plasmal (chiefly palmitic and 
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fteanc aldehvdcs) from gl3xciyl phosphorvl-cthanolamine. The 
plasmal can then be made \irible by the use of SchifTs alddiyde- 
reagent (p 30S) It is not fixed by meminc chlonde, 

but retains its solubHitv m bpid solvents (unless it chances to be 
adsorbed on elastic fibres) *** 

Reactions tetsh cmhdtydraia None is described Mcroinc 
chlonde is regarded as a particularly good fixam c for certain muco- 
polvsacchandcs called bv histologists mucm 

Raie of peneiTOtioru "Mercunc chlonde penetrates at moderate 
speed mto gclatme/alburam gel (K 2 2) There is good agree 
ment b etw e en different mvcstigators about the rate of penetration 
mto mammalian liver The observations give K-vahies of 078 
and 0*84.** This also is moderate speed. For a photograph showing 
the penetration of mercunc chlonde into h\cr see fig 5 a (opp^ 
site p 67). 

Shrinkage or STseUa^ Mercunc chlonde onty produces a 
wnaTI reductiou m the linear measurements of gelatmc/albumin 
gels and whole livers the volume is reduced by less than 10% m 
both cases. There is, ho w e v er further contraction to 7®% 
ongmal volume on embedding bver m paraffin. Cells are much 
more ■vanablc m volume after the action of this fixative than gels 
or whole organs are. Arhacia eggs sweD considerably m a saturated 
aqueous sol^on of mercunc dilonde, but by the tune they are m 
xylene they occupy only 49% of their ongmal vohime. Sperm- ^ 
cytes of Hdtx occupy 30% of their ongmal volume when paraffin 
sections have been mounted m f'-^riada b al sa m . It roust be re- 
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membcrcd that there is more shnnlage than this after the action of 
most fixative* {see fig lo p 79) 

Hardening Mercunc chlondc harden* raodcriteJy \\ctrel’* 
figure is about 1100 nearly 5 times that for chromium tnonde. 
There 1* considerable further hardening on subsequent soaiing m 
80% ethanol 

Immediate effects on particular constituents of the cell The shape 
of the cell mchiding any pseudopodia is rather tvell presen'ctL 
The cytoplasm is sometime* much more finely coagulated than 
one ^vould expect of a fixam*® of this sort, Indeed mercunc 
chlondc IS particularly recommended by Policard and hu col- 
leagues on this account Cytoplasmic mdusion* of Minous 
sorts, mcludmg rmtochondra and the neutrophil granule* of poly 
morphs, arc preserred though Iipid globules may fuse. The 
nudear membrane is dearly seen nudear sap is finely coagulated 
the nudeolus very distinct The nutodc spmdJe appears fibrous 
Mercunc chlondc distorts the cell less than any other coagulant 
fixative 

Methods of tnshtng out Since mercunc chlondc a readily 
soluble m ethanol there is no purpose m trashing m \rater if the 
tissue u going to be dehydrated 

Mercunc chlonde has t troublesome tendency to produce cx 
tnnsic artifacts. These appear m the final preparation as small, 
bladt, amorphous partides, down to about ifi in diameter and 
also needle shaped, burfnngcnt crystals, up to 25/1 long, usually 
with a lump of the black materul at each end Both artifacts hav'c a 
tendency to be deposited eventually on the surface* of the slide 
and coverihp in contact with the tissue 

Majer *** conduded that the black material was metalhc mer 
cury but he could not determme the chemical composition of the 
crystal* It is unlikely that they consist of calomd smee they sre 
also seen after the use of hliDoas reagent,*** which contain* no 
chlonde. Mayer was unable to produce such crystals from mercunc 
chlonde or Millon s reagent except by their action on the tissue* of 
organism* The ciyital*, unlike the black material, are not present 
as such until the tissue is brought mto a mountmg medium, such 
as Canada balsam cedarwood oil is particularly apt to produce 
thera, 

Thc black artifact i* removed by the action of iodine m alcoholic 
solution. This was discovered m i88fi Presumably the 

mercury u oxidized to mercunc iodide, which is soluble m 
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ethanol The preaixaor of the ciystal* la aUo removed by thi» 
trcatment- 

The removal of mercury deposits may be delayed until sccbons 
have been prepared, but it is best to treat the tissue m bulk with 
iodine solution as this makes it less brittle and therefore easier to 
cut. AVhen sections have been prepared but not yet dyed, a glance 
through the microscope will show whether a second treatment with 
iodine IS necessary 

Smee protein coagulates may, in certain circumstances, be 
soluble m iodide solutions (p 54), it is best not to dissolve the 
iodine with potassium iodide. 

The colour of lodme is removable by soaking m 70% ethanol, or 
almost instantly by the action of sodmm thiosulphate. Tins method 

atSiOJ- + I, - tS.OJ- + al- 

thiorate 

of removing iodine vras mtroduced into microtechnique by 
Heidenham (1909) 

Effect of dyeing Within the range of pH at which it is ordinarily 
used m fixation mercunc chlondc lea\*cs the tissues more re 
ceptfve of dyes m general than any other fixative Cytoplasm will 
acceptboth basic and aad dyes, particularly the former Chromatm 
IS rendered very strongly colourable by basic dyes and dyc-Iake*. 

Effects on the hstoU^al picture seenin paraffin fections Mercuric 
ddonde by itself gives gtade IV fixation Cell aggregates are not 
scnously distorted Cytoplasm is rather bomogeneaialy fixed, but 
it IS ba^y shrunken and there is a tendency for cells to separate 
from one another Red blood-corpuscles arc not badly fixed, 
haemoglobm is retained within them (perhaps as methaemoglo- 
bm The nuclear membrane is clearly shown, a nuclear net 
work IS not produced chromosomca arc not wcD fixed. 

Ccmpatiinkty mih other fixatwes Mercuric chloride may be 
mixed with any other fixative. In certain mixtures, acetic aad 
appears to reduce its solubility 

CHROMIUM TRIOXIDE 

Standard eoneeniratum for fixation 0^5% w/v aqueous solution 

Formula and formula xaeight CrO^ loo-o 

Dacnpfton.Chroniiumtnaxidcconsist8ofbrownish redoystals, 

readily dchqueaccnt by absorption of water Their melting point 
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[HCrO^-] 


[HCrO^-] 


[CrjO,-] 




IS about 198^ C They are extremely soluble m water a saturated 
solution having a concentration of 62 .4% w/W 
lojusaiion For a careful study of this subject, see Cassclman 
When chromium tnomde 
IS placed m water it forms 
chromic acid, this may be 
regarded as HjCrOi but no 
such substance can be iso- 
lated. The sad ionizes to 
form hydroniura 10ns and 
three differe n t chromic 
anions. These arc theorange 
red dichromate 
and hydrogen chromate 
[HCrO j- icmi, with traces 
of the ycUow chroroato 
[CrOj* ion a certain 
amount of chromic aad re 
mama undiasocuted. The 
relative proporoorts of the 
four substances are shown in 
6g 14 (left hand column) 

The hydronnim ions re 
leased by the lomzaoon of 
chromic aad make the aoKi 
tion strongly aad, A f% 
solution of anaJytkal-grade 
chromium trloxide has a pH 
of i*ao (Laasek gives 
I 13 ) If chromium tnoxide 
of laboratory reagent grade 
la used, the pH of solutions 
IS significantly higher 
There is a very small nsc 
m pH (ibout o I unit) dur 
mg fixation, almost entirely 
m the first 3 or4 hours,^* 

OxtdaUon poUrthal The dichromate ion can readily be reduced 
to give the chromic ion Cr*** The oxidation potential of a 1% 
solution of chromium tnondc is i*o8 volt,^^ Data do not exist for a 
0*5% solution but ertrapolatioii from available figures makes 


[HjCrOj: 

[c-o."] 


[ttiCrOj ond 
[CreS,] 


E 

OtJ 




Flo. 14. Gnphfcal reprcadrtFtkro 
of ifte toTU pmeni la a * 
tqueoua aohitioa of potanntm 
didirDcate and io a aolutkm of 
e far o mha n tri oxide containiag the 
tame v^dght of chromium. 
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It IS doubtful ■whether chronuum tnoxide can be regarded un- 
equivocally as a Ibwtive for glycogen 

Polj'sacchandcs that arc not naturally chroraotropic are 
rendered so by the action of chromium tnoxide. This subject -mn 
be conaidcTcd m the chapter devoted to metachrom^ (see 
especially p 247) 

Peixeiration Chromium tnonde penetrates slowly into gelatine/ 
albumin gel (K = i*o) and slowly also mto liver (K ■=0^5) 
Tellycsniciky s data give a higher K-vshic for liver, but he uaed a 
1% solution It ■wiU be seen from fig 5 a (opposite p 67) that 
chromium tnoxide penetrates hver more slowly than picnc aad 

Shrinkage or stoellmg Gclatmc/albumm gels onty shrink 
slightly (to 91% of thar original volume) in chromium tnonde 
solution, and tiisuca m general arc moderately shrunk, *1116 
volume of the whole hver u reduced to 78% of the onginal tod 
there is further reduction to 64% in paraffin TTic spermatocytes of 
Hehx m paraffin sections mounted m Canada balsam have 39% of 
thear ongmal volume. In comparison with the other fixatives 
tested by Ross, this is moderate shrinkage. 

Hardening is moderate. Wettcl’s figures show that acetone and 
ethanol leave tissues about 20 times as hard as chromium tn 
onde does while the latter leaves them about 25 tunes as hard is 
they are left by 10% acetic aad 

Immediate effects on parUcular constiinenU of the celL As we have 
see (p 81), fixation by chromium tnoxide is much improved by 
the addition of an mdiff’crent salt It is unfortunate that m the 
eipcnmenta of Strangcwayi and Canti and of Policard and his 
colleagues, no such addition was made. Their results can be 
bnefly summarized thus. Pseudopodia if present, arc bhmted, the 
ground cytoplasm is coagulated, sometimes rather coarsely mito- 
chondria are rendered invisible (and perhaps destroyed), hptd 
droplets tend to fuse together The nuclear membrane » rendered 
clei^ visible, the nuclear sap coarsely coagulated the nucleolus 
somewhat shrunken Chromosomes are seen more clearly than m 
life The appearance of a ccU before and after the addition of 
chromium tnoxide solution is shown in fig 8, c, © (opposite 
P 70) f 

Methods of washing out It is important to get nd of the excess 0 
the fixative, lest there should be reduction at some later stage to 
green chromic oxide Cr,0^ which is insoluble m ordinary soWents 
end remarkably resutant to oads and other reagents. Since 
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ethanol nugfat cause this reduction, tissues are usually washed m 
running water before dehydration Virchow showed that no 
insoluble preapitate was formed on direct transference of tissues 
to 95% ethanol if light was excluded Overton ^ recommended 
the use of sulphurous acid after fixation He thought that chromic 
sulphate was formed bang stable and soluble, would be 

hai^ets, and mdeed Avauld act as a mordant for certain dyes 
Direct transference from solutions of chromium tnonde to 50% 
ethanol containing 2% of sulphuric aad w probably safe.** 

Efftct on Cytoplasm is rendered strongly aadophil by 

chromium tnoxide x^ule chromatm is fairly easily colourable by 
most basic dyes. Differential dyeing of cytoplasm and chromatm is 
therefore easy though there is some tendency for sad dyes to 
colour chromatm 

Effects on the general histological picture teen or paT<ffm sections 
The excellence of chromaun tnonde for the fixation of the 
neurones of Septa when dissolved at i% m sea water was noted 
by Young In the presence of an indifiercnt tab at an appro- 
priate concentration this substance gives a better general picture 
than any other primary fixative with the possible exception of 
chloroplotiQJc sad •* These two fixative#, with sodnun chlondc at 
075%, fall mto grade 11 This grade 1$ not reached by any 
other primary fixative than these (though it could be rttched 
easily enough if paraffin embedding were not employed) In the 
absence of sodium chloride chroouum tnonde falls mto grade III 

The general picture given by chromniin tnoxide is as follows. 
Cdhilar a ggr ega t e# are fixed without senous distortion cyto- 
plasm IS somctimea contracted round the nucleus, or coarsely 
coagulated so at to leave wide meshes mitochondria are not 
fixed red blood corpuscles ore swoDen The form of the nucleus 
ts well preseri-ed the nuclear membrane u clearly seen the 
nuclear tap la rather coarsely coagulated the nudeolus is well fixed 
and has a strong afimrty for both iron hacraatem and aad fuch 
sine chromosomes arc very well shown The mitotic spmdle 
appears fibrous 

The concentration at which this fixative is used makes remark- 
ably httle difference. Even at 0-01% (with sodium chlonde it 
0*85%) chromium tnoxide gives much the same picture as when 
used St the ordmary concentiatiorts 

CompaiiTnJtty mth other fixatwes It ts best not to mix chromium 
tnotidc with substances that will reduce it, such os formaldehyde 
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or ethanol The reaction •mth fonnaldeh3*de ts vay quick. The 
reaction products m the different mixtures containing chromium 
tnoxide and fonnaldchydc have not been identified. In Sanfelice s 
fluid ^ ^hich contama these lubstanccs and acetic tad the colour 
of the reaction product! is brown m Allen’s B 15 ,* winch con 
tains picnc sad and urea m addition, it is green The latter colour 
combmed with solubility is suggestive of reduction to the tcr- 
positirc ion in one of its hjdratcd forms. 

Chromium tnoxrde is compatible with aD the primary fix 
atives mentioned in this chapter and the next, other than 
formaldehyde and ethanol but when it is mixed with potassnim 
SidiTomatc, the UtUr substance does not exhibit rts own char- 
acter (»cc p 12S) 

Undamfied remarks Bnght light is destructive of cells fixed m 
solutions of chromium tnondc-** If the light of a dark-ground 
condenser is focused on a cell whfle it still hes m the fixative, the 
following changes may be obterred. The outline of the ctB be 
comes hax> , the partides of coagulated cytoplasm begm to show 
Brownian movement and soon disintegrate, lavmg only the hpid 
globules and nudeus, the latter then dissolvea, the mideohis rc- 
sistmg solution longer than the rest of it finally nothing a left 
exce p t the hpid globules.*** The result is the same when heat rays 
from the microscope lamp arc filtered off 

The acticra of chromium tnoxidc as a fixative will be referred to 
agam in the section on potassium dichromate (p laS). 
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Primary Fixatives Considered 
Separately 2 Non-coagulants 


FORMALDEHYDE (mcth«n*l) 


Standard conctniratum for fixatum 4% w/v aqucoui iohition. 


Formula and formula^oet^fU 


H. 


^C=0 


30-0 


DesenptloH Fmmoldehydc u • colourlea gas Ifhqudiedrtboili 
Jrt — ip* C, It u very soluble m water and a commooly sold in 
aqueous solution u ‘/ormaJm This is usually s 37% w/w solution 
or theresbouta The specific gravity of fonnalm is about r *08, tad 
ICO mi therefore contain almost exactly 40 g of fonntldebyde. 
Thus fonnalm ts spprotmutdy a 40% w/v solution. Commercial 
formalin contams a little formic aad (generally less than 0 05%) 
and a considerable amount of methanol (6 to i $%) 

Monomenc formaldehyde probably exists m water as 
HOCHjOH It has a strong tendency to poJymenae as dimer, 
tnmer etc. having the general fonmila H 0 (CH, 0 )bH In the 
40% solution only a small part (n%) of the formaldehyde m 
monomenc, but when this is diluted to 4%, the monomer pre 
dominates. Paraformaldehyde tends to be deposited from concen 
trated solutions of formaldehyde is a white powder This is a 
highly polymenc form (n « 100 or more) The methanol m com 
mercial formalm hinders polymcruation. 

As Bethe ” pointed out 60 j'ears ago a considerable amount of 
confuKoniscauscdbythelooseusagcofthctrsdc name formalin' 
When nulhors say '10% formabn they presumably mean form- 
aim diluted with 9 times its volume of water or s^t sohitioo to 
give 4% w/\ formaldehyde but there is alwaja the possibflity that 
they mean 10% formaldehyde. It is beat to reitnct the name forma- 
lin to the commercial product at 40% and to express the concen- 
tmtion of diluted fluids in terms of that formaldehyde content 
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The only disadvantage m doing so is that the concentration of the 
formalin from which solutions are made up is not always exactly 
40% w/v, and the concentration of formaldehyde m diluted solu 
tions IS therefore not exactly known Any error from this source, 
however is likely to be small 

The trade-terra 'formol* is objectionable, for the ending in -0/ is 
unsuitable. Formal is not allowable, because it is the accepted 
name of another substance 

lonizaUm Formaldehyde lomxcs to a mmute extent to form 
hydromum ions,**® but aadity from this cause is negligible. The 
acidity of formaldehyde solutions is due to oxidation to formic 
aad by atmosphenc oxygen The pH of formahn is said to ^■aiy 
from 3 1 to 4 I The pH of the 4% w/v solution made by dilut 
mg formalin with 9 times its \olume of distilJed w’ater, is given by 
\*anoui authors at figures NTiiyrng from 34 to 4 6 
The addition of 5 ml of pyndine to lOO ml of 10% formaldehyde 
brings the pH to 7*0 ” The 4% solution neutralised by excess 
of calcium carbonate has a pH of 6 4 if basic magnesium car 
bonate is used the pH is 7 6 In the presence of 1% of calauni 
chJonde and excess of calcium carbonate the pH is 57 “ 

Oxidation potential Formaldchj'de is capable of being reduced 
to methanol according to the equation HCHO -f 2H* + ae" «= 
HjCOH It can thus act os on aadacr, though a weak one. It was 
claimed by Kingsbury Jong ago in an important contribution 
to the theory of fixation, that formaldehyde acts as an oxidmng 
fixative. The oxidation potential of the 4% solution is 0*23 voh. 
This is the lowest of the oxidation potentials of fixatnes measured 
by Casselman 

Manufacture Formaldehyde is made bj pasting a mixture 
of air and vaporized methanol over 0 heated catalyst. Silver 
gauze at 635* C is suitable Water formed by the reaction passes 
over and dissolves the gas alto some unchanged methanoL The 
amoimts of these two substances arc adjusted to give a 
at about 40% w/v, with as mudi methanol as is considered 
appropriate by the manufacturer for protection against excessive 
polymerization 

Introduction as fixatme Formaldehyde was introduce into 
microtechnique m 1893 later than any other important 
The disco ver y of its fixative properties was made acaden^y by 

Blum,** who had prcvioualy introduced It as tn antiseptic One y 

he slit up a mouse that was infected with anthrax and left it over 
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night m a solution of formaldehyde (presumably as a disinfectant; 
In the morning he ^vas surprised to find that it felt ts hard as 
though It had been preserved m cthanoL He then undertook a 
systematic study of the effects on tissues, trying it at 4% on 
vanous organs, mcluding liver kidney the mucous membrane of 
the stomach, and bram He found that rt hardened tissues faster 
than ethanol and preserved their crtemal form better to far as 
could be seen with the naked eye. He embedded vanous organs in 
collodion sectioned them and found the cells well fixed and capable 
of being dyed with hacmatem and synthetic dyes. It is perhaps 
fortunate that he used collodion, because formaldehyde unmixed 
with other fixatrvea gives rather poor results when tissues are cm 
bedded in paraffin (p 118) 

Rfachons tmth protetns Formaldehyde docs not coagulate 
albumin it renders this proton not coagulable by ethanol ** Un 
like the coagulaove fixatives described in the last chapter it 
stabiliaes gelatme gels very perfectly so that they do not dissol\*e 
in water at 37* C but retain thor fonn and transparency There u 
a slow gelstiruxuig action on histone.*” Haemoglobin is rctamed 
m blood-corpuscles, perhaps with conversion to methaemo- 
globin.*** Fixation by formaldehyde does not affect the action of 
pcp*oi or dypsin on the proteins of blood plasma There ts 
contradictory evidence about the ability of trypsin to digest 
collagen fixed by formaldehyde.***’ 

The chemistry of the reactiona with proteina has been 
thoroughly investigated. Formaldehyde reacts with the -NHj of 
the side-groups of certam anuno-adds, probably forming methyl 
«ie bridges that hnk protein chains together l)wne to lysine or 
Ijime to glutamine. The reaction is slow especially below pH 3 
the greatest binding of formildehyde occurs at about pH 7 5 to 8 

■Nudeoprotcins are not coagulated, ex tr emely minute floccuh 
may appear eventually DNA ts not precipitated from its solu 
tjons The amount of nucleic acids (DNA 4 - RNA) in cells is 
reduced by 10 to 35% by formaldehyde fixation 

Certain cnxymes are not wholly inactivated by formaldehyde. 
The enzymes in the h\*cr of the rat have been studied in this 
connczion *** ^glucurorudasc retained its acti\Tty best then 
sulphatase, aad phosphatase, and esterase alkahnc phosphatase 
least ^-cU 

RfacttoTu mth hpids In general formaldehyde is a good pre- 
•^■atne of hpids, mduding diolesterol and its esters, unless 
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fixation a Tcry prolonged Frozen aectjon* txt generally uaed, and 
fixation of fipids (as opposed to their preservation) u therefore 
unnecessary 

It has b«n known for many years that there is a gradual Joss of 
lipids if tissues are Ith in sdubons of fonnaldehyde for a long 
time.***'*" at» Cholesterol, t ngl y c endes, and ccrebrosides 
appear to renuun unaffected, but certain phospholipids begin to 
diAppear Leetthms are wdl retained, but phosphsfidyl serm^ 
phosphatidjd ethanoltmtne, and sphingomyelms become reduced 
m amount There appear to be two factors in die loss of phospho- 
hpds. On one hand ^ere u thought to be a splitting off of gljcero' 
phosphonc acid, the fatty aods remammg in the tusues, on the 
other there msy be a direa removal of hptd in colloidal solu- 
tion."*- " In this connenen it is to be remarked that pho^ahatidyl 
tenne dnsolvea in 4% aqueoua formaldehyde to form a dear 
colloidal sdution.** 

Phospholipids have a strong tendency to take up water and 
attend their turfice by growing outwarda m worm like ‘mytEn 
forms’ This an easily be seen by smearing some Icothin across 
the bottom of a cavrty-ahde and watdung thixnigh the microscope 
on the addition of water (fig 15 a) The outgrowth of mychn 
forms from the lipid constitoents of ccHs wmild be damagng 
morphologically and would also favour gradual solution. It was 
shoTO by Leathes *" that calaum 10ns have a remarkable effect in 
preventing these ou^rowtha (fig 15, b) The idea of adding cal- 
cium chloride to fonnaldehyde solution therefore suggested it 
self ** The salt has a double function it checks the distortion and 
aohitlan of certain lipida, and it also improves fixation in the mne 
way as sodium chlonde or offier mdiffcrcnt salts. 

After treatment with formaldehyde, phospholipids arc k*i 
sohihJc in iipid solvents and therefore lets crtractihle by th^ 
from tissues *“• *• Expenroents on this subject may be cameo 

out as follows." Pho^holipida are mcorportted m elder prth, tnd 
the latter then placed in formaldehyde sohition frozen secoons 
are cut and treated with vanms hpid solvents, and then with one 
of the colounng-agcnts for hptds (p Z99). In a scries of expen- 
ments of this sort, with formaldehyde at 4% m 1% (tnlg^ro^ 
ctkmm chlonde solution as fixative, leathins, ‘cephahns snj 
sphingomydini were all rendered mscduble even m bofling^cthant* 
followed by boding ether and also in paraffin wsx at to 
ceded and followed by xylene. This shows that fortnsldchyde i» 
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a fixative for phospholipids, though not necessarily for mixtures of 
these substances with other hpida The chemistry of this process is 
not known but reaction between formaldehyde and the -NHj 
group of phosphatidyl ethanolamme hai been suggested.*** 

If after fixation with fonnaldchjrdc, less of a particular lipid is 
extractable by hpid solvents than was present m the fresh organ 
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two t-ery different explanations are possible. On one hand the hpid 
may have partly dii»ol\"ed out into the formaldehyde solution 
on the other it may have been rendered insoluble in hpid solvents 
and therefore not accessible to ordinary methods of analysu 
It IS claimed by Wolman and Greco *** that formjdchyde 
reacts with uiisaturated hpids at the double bond (-C=C-) 

H H 

producing carbon} 1 groups that will react with Schiff’s aldehyde- 
reagent (p 308) The capacity of the hpid to take up iodine is at 
the same time reduced and this suggests that the double bond has 
been attacked by formaldehyde. If reagents that block carbonyl 
groups arc used there is no longer a positi\*e result with SchlfTs 
test 
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Glyccndcs and fatt> aads arc aometiraes crystallized and thus 
rendered anisotropic b) the action of formaldehyde. Cholcstcryl 
esters arc tranaformed from liquid spherocrystals, showing the 
cross of polarization into simply anisotropic, solid crystals,**® 

The colouring agents for lipids (p 299) arc said to act pamcu 
larly strongly when formaldehyde is us^ as fwatiN-c 

Reaciions tath carboJiydratn Formaldehyde docs not fix soluble 
carbohy'drates but it has a remarkable capacity to fix proteins m 
such a way that the escape of glycogen by solution m water is 
hmdered **® It may be remember^ that picnc aad has a sunilar 
property (p 97) 

Rate of penetraiton Formaldehyde enters gelatine/albumin gd 
faster than any other fixative except the strong rameral aadi, at a 
K-v-aluc of 3 6 The penetration of non coagulant fixatives mto 
tissues IS hard to measure. Tellycsmciky s data give a K-value of 
0^8 This IS only a moderate speed equal to that of mercunc 
chloride, 

Shnnkage or srrtlJing Gebtinc/albumm gels swell consider 
ably (to 123% of their original volume) in formaldehyde solution 
The volume of whole liver remains almost imchangcd (99%) but 
there is subsequent shrinkage to 68% by the time the organ is in 
paxaflfin 

Smgle cells may be observed to shrink at first contact with 
formaldehyde solutions especially if the latter arc rather con 
centrated this is usually follow^ by expansion at some time 
during the first hour to a considembJy greater volume than the 
original and later by a second shnnkage that leaves the cell 
somewhat larger than it was in life,*** The expansion after the 
original shrinkage is less marked if the formaldehyde is used in 
salme solution and the cell may eventually return to its onginal 
size. The pulsation of nuclei is less than that of the cytoplasm, and 
not exactly symchronized with it. 

Most observers have not noticed this cunous pulsation, but have 
Bunplv recorded the final size when fixation is complete. Arbaaa 
eggs swell strongly (to 147%) m formaldehyde dissolved m dis- 
tilled water They swxU slightly (to 105%) when it is dissolved m 
sea water but the volume is down to 48% m xylene //e/urspenna 
tocytes have a volume of 34% of the onginal m paraffin sections 
mounted in Canada balsam- It is a sobenng thought that this 
re p resents less shnnkage than that obtained with any other pn 
maiy fixative. 



PRIMARY FIXATI\BS NON COAGULANTS 11? 

Hardening Forraaldchydehardciurtrongly Wctzd usings io% 
•oluiion obtained a ngidi^ figure of about 1700 This is ‘j\ times 
the figure for chrormum tnonde and is exceeded only by ethanol 
and acetone. 

Immediate ^eeit on particular ccmtituenii of the cell The ccJl 
outline 1* often tvell p reserv ed, but there is a strange tendency for 
blebs of cytoplasm to separate from the celL The ground cyto- 
plasm IS not BO homogeneously fixed as experiments vnth gelatine 
and gelatinc/albumin gds would lead one to expect there is a 
tendency for a certain amount of granulation to occur Mito- 
chondria are preserved often rather well, though sometunes they 
become roonfliform. When once they have been fixed by form 
aldehyde, they are no longer subject to destruction bv acetic 
tad Lipid globules usually remain as in life, but a wide variety 
of these has not been studied 

The shape and struccurc of the nucleus arc on the whole well 
preserved, though there is some tendency for the nuclear sap to 
become granular The bctcrochromatic segments of the chromo- 
somes remam more or less ss m life The nucleolus is less clearly 
seen than before fixation 

There can scaredy be any doubt that formaldehyde (with an 
mdiffcrent salt) preserves the structure of the living cell better 
than any other primary fixatne except osmium tetnnade 

Methods of xeashmg out As a general rule, no special washing out 
IS necessary Tissues may be transferred to water or to ethanol of 
any grade. 

I>ark brown bircfnngcnt crystals arc sometunes seen m tissues 
that arc nch in blood especially spleen This so-called formalin 
pigment appears to arise by the reaction of formaldehyde with 
the haematin of hacmoglobm that has escaped from red blood 
corpuscles either before or after death. It is not formed if short 
fixation in formaldehyde solubon w followed by prolonged soaking 
in 5% mercuric chlondc solution Once formed it can be dis 
soiled by a 1% solution of potassium hjdrovidc in 8o®^o ethanol 
or by picne acid dissoliTd m ethanol*® The chemistry of these 
processes has not been worked out 

EJfeet on dyetr^ Formaldehyde renders proteins and cytoplasm 
more aadic (basiphil) than any other fixative exceeding mercunc 
chlondc in this respect cytophsm retams little alTinity for oad 
djes unless fixation is short. Chromatin is strongly coloured by 
basic dyes. 
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Effects on the JustoIogtcaJ picture seen in parcffin sections Form 
aldehyde is a poor iixative for tissues that are to be embedded m 
para^ IV-V if dissolved in distilled water III-IV if 

sodium chlonde is added at 0*7%) 

Cellular aggregates tend to be widely separated from one 
another, cytoplasm shnnka towards nuclei, and cells may lose con 
tact with one another mitochondria arc sometimes retained 
especially if the fixative be used m strong solution (10% or more) ** 
Red blood-corpuscles tend to swell mto spheres, but arc rather 
well presets ed if an mdifferent salt is mixed with the fixative. The 
mterphase nucleus is fixed m a remarkably life-like form, with no 
coarse network m it the nuclear membrane, heterochromatic 
segments of the chromosomes, and nucleolus arc well shown- The 
mitotic and meiotic chromosomes, however, are very poorly fixed. 

Formaldehyde gives good results if froren sections are used or 
tissues embedded m collodion 

CompaiOnUt} mth other fixatives Formaldehyde reduces chro- 
mium tnenade quickly potassium dichromstc much more slowly 
The reaction with osmium tetronde is very slow at room ton 
perflture.® Formaldehyde is compatible with ethanol, picnc aad, 
and acetic aad, and is generally regarded as compatible with 
mercunc chlonde. 


OSMIUM TETROMDE 

Standard concentration for fixation, 1% w/v aqueous sohition- 
Fortmda and formula xcetght O8O4 254*2 
Description, Osmium tetronde occurs as pale yellow crystals. 
These melt at 41® C, The liquid boils at 131® C but much vapour 
comes off before this temperature is reached The \*apocir arises 
also from the crystals and from aqueous solutions it is dsroagmg 
to the cpithehum of eyes, nose, and mouth- This vapour has s not 
unpleasant smelL The name of the metal is derived from the fact 
that the tetronde smells. The volatility of osmium tetroxidc m akes 
It imperative to keep and use eolutioDS m tightly stoppered 
vessels.*** 

The solubflity m water at 25® C is 7*24% w/\V (The figure 
given by Thorpe and \Vhitclcy who arc usually so reliable, is 
grossly m error ) Osmium te tr o xi dc is extremely soluble m carbon 
tetrachlondc at 25“ C (about 375% w/\V*") and soluble also m 
hqmd paraffin and cer ta in lipids 
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Mo*t compounds of osmium are dark or black On reduction 
oamium tetrcrade u converted to the grey or black anhydroui 
dioxide, OtOj, or to the brown, gclatmous, hydrated dioxide, 
0 » 0 t.aH ,0 or 0*(0H)4 Reduction takes place reodfly when 
solutions of osmium tetroxide arc exposed to light, though it is 
claimed that this is prevented by the complete exclusion of dust •• 
Reduction by hght is prevented by strong oxidixcrs (p 135), and 
IS also hmdered curiously enough by sodium chloride. •• 

lamzahofu Osmium tetraxide scarcely lonixcs. It was recognised 
long ago that the electneal conductivity of its solutions was ex 
tremely low Hofmann and his colleagues found that the 
specific conductivity of a 1% solution in distilled water was 
1-09 X 10 • that of the water used was 0*5 x 10 • 'Osmium 
tetroxide they remarked, is therefore chemically neutral and no 
acid ' 

On solution, osmium tetroxide takes up a molecule of water 
and becomes HiOsOj **• This substance cannot be isolated 
A mmute amount of lomxation occurs according to the 
formula H|0s0,5pfcH* -f H 0 * 0 »“ The lonradcm constant is 
8*0 X 10 “ It follows from this that loo ml of s i % sohifion of 
osmium te trox ide contain 0‘000000035 g of hydrogen ion. To call 
such a substance an aad seems rather far fetched though a 
sodium salt, NaHOiOn can in fact be obtamed Hydro gen 
per ox ide has an ionization constant of 1*78 x 10 ^ more than 
twice that of HgOsOi but it la not caDed hydroperoxidic aad. 
The pH of a solution of osmium tetroxide is slmost exactly that of 
the distilled witer used to make iL The values published in the 
biological hteraturo give us mfomution about the distfUing 
apparatus or glassware used m various laboratones, but not about 
osmium tetroxide. 

The proper name for HgOsOf is not easy to detemune. It cannot 
be osmic sad for on the analogy of manganic aad fHjMn04) 
osmic aad is H,0f04 and thii is a real entity, as we have seen 
(p 63) though It la not formed when osmium tetrondc is dis- 
solved in water Permanganic sad is HMn04 and H^MnO* 
would be per p ermanganic aad On thia analogy H,OsO» would 
be per pero am ic aad if it were unequmjcally an aad It see ms 
best to esD it h y d rogen per perosmate 

Oxidation potnUaL The 2% solution has an oxidation potentml 
of o 64 volt, somewhat less than that of a 5% solution of mercuric 
chloride. 
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Mamfacture Metallic osmium occurs naturally as an alloy ^VIth 
indium usually m association with platimmu Deposits are found in 
Alaska the Ural Mountains, and in South Afnca There is an 
ounce of osmium m 1,200 tons of Whwatersrand gold ore. The 
metal is extremely heavy (density about 22 5) It is also very hard 
and Its alloys are used m making pivots for saentific instruments 
and tips for mbs of foimtam pens. 

Osmium tetroxide is made by heating spongy ractalhc osmium 
in a current of air or oxygen On account of the rarity of the metal, 
this fixative is extremely expensive. A gram costs ;C3 10 0 thus 
I ml of a 2% solution costs 1 /4I, and a single drop of it about Id ' 
Introduction as fixative We are mdebted to Franx Schulze of 
Rostock, the mventor of that mvaluable histochemical reagent, 
chlor rmc iodide,^** for the mtroduction of osmium tetronde mto 
microtcchmque. Unfortunately it is impossible to discover what 
led him to try it He noticed that different tissue-constituents 
differed m their capaaty to reduce it to the dark Icm-er oxide He 
sent a weak solution (0 i or 0*2%) to his friend and former pupil, 
Max Schultte, with the request that he should try it m histological 
mvestigations Schultxe did so m 1864.^** He plunged the male of 
the beetle Lampyru spUttdsduia alrve and shiiung mto Schulze s 
fluid and made a microscopical study of the phosphorescent organ. 
To his surprise, the tracheal end-cells were blackened and thus 
showed up strongly against the parenchy mal cells,^**" •** In 
collaboration with Rudneff he next tried it on a variety of 
tissues of plants and ammab, He noted especially the reduction of 
osmium tetroxide by fat, myelin and tanmc aad It is mtercsting 
that his emphasis was at first on the darkening of particular 
objects, not upon delicacy of fixation. Retaining his interest m 
phosphorescence, however, he tned it on the luanne protozoon 
Noctiluca and was now struck by the hfe-like preservation 
Reaction xexth protems Osmium tetronde gives no coaguium 
with albumm solutions. It renders albumin not coagulablc by 
ethanol or by heat** It sets undiluted egg white and strong solu 
tions of scrum albumin serum globulin, and fibrinogen mto gels. 

It stabilizes gelatine gels against solution by water at 37® C 
This IS an additive fixative It probably reacts at the double 
bonds of the side groups of tryptophane and histidine linking 
protein chains together through these. The ftflurc of aad djes to 
act after fixation by osmium te tr onde suggests the blocking of 
ammo-groups, but there is no positive evidence of this. 
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When scctiona that had been 5 mm m any of the antcmcdtt 
were brought down to water and bicauhed, rt could catfly be 
shown that the hpid stfl/ remained m them for it could be coloured 
black by Sudan black. If, however, scctiona were left for 40 nun 
m the antemcdia, the ones treated with xylene or toluene were 
proved to contain no hpid, while those that ^d been in benzene or 
chloroform still contamed it 

Sections that bad been 5 mm in the antcmedia were brought 
down to vrater bleached with hydrogen peroxide, taken up to the 
antcmedia again, and left thcrti for 30 mm On subsequent treat 
ment m the usual way with Sudan black, they were shown to 
contam no hpid This appbed m all cases, whether the antemcdium 
was xylene, toluene, benzene, or chlorofoim. 

It IS to be noted that so long as the hpid-sitcs were still blackened 
by osmnim, they contained hpid The evidence suggests strongly 
that the black substance is a compound of hpid with oemnmL 
This compcFund is rcsiatant to solution by benzene and chlorofonn, 
but dissolves slowly m xylene or tohicne when bleached by 
hydrogen peroxide, it is soluble in any of the hpid solventi- 
Xylene is capable of acting as an CDodmug agent,*® and the same 
may perhaps apply to toluene. It is to be supposed that oammm 
tetiyvnde reacts with the double bonds of lipids in much the same 
way as it does with those of the lubstances discussed on pp 61-2, 
but no direct evidence on this subject is availabit. 

The possibility that osmium tetroxide sometinica snnply 
ondizca hpids, without forming an additive compound, must be 
kept m min d. Hof mann believed that this was the way in which 
rt ordinarily reacted with hpids. He made a careful study of oxida 
aoa by osmium tetraxide, and reached the conchmon that it can 
act at an adjuvant to other oxidaers Thus, certain substances 
that cannot be oxidized by potasaium chlorate alone, can be 
oxidized if osmium tetroxide is present as well The latter oxidizes 
the substrate and is itself reduced the chlorate rc-oxidiies it, and 
the process begins again Wolman suggests that osmium trtrox 
ide may act as an oxidative catalyst m this way m microtedmlque, 
when maed with other oxidizers 

In the presence of a strong oxidizer such as chromium tnoonde, 
the mixed tnglycendcs of adipose tissue ore generally blackenrfby 
osmium tctronde, while conjugated hpids as a rule are not. Tr^ 

IS UBcftil as a rough pomter m prchirunaiy histodicmical^w 
Smcc the fatty aad component of conjugate hpids is often highly 
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uoaaturatcd, it is not clear why they remain colouricst, Ferhapi 
they tend to be amply oiidiicd instead of forming additive com- 
pounds. 

Smcc oeimum tetrerade is soluble m certam hpida, it am be 
taken up without change by fully saturated one*, and then reduced 
by subsequent soalang of the tissue in ethanol (compare Starke ***) 
llius the fact that a hpid ts black m t para^ aection does not 
prove that it is unsaturated 

ReacUms vntk aahohydrata It appears that osmium tetronde 
does not react with most hezosea or pentoses or their polymers at 
room temperature, though sucrose is very slowly oDducd to 
oxalic aad.® There is some darkening if g}>cogcn a treated with 
osmium tetronde for long perioda at 50” C.** 

Rate of penetratum Osmium tetroxide penetrates slowly mto 
gelstme/albuiiun geh The K value for 25 hours u 0*85, which is 
nearly ss low as the figure for picnc sod. The K-vahic gradually 
falls off with time During the first 16 hours it is j-o, but during 
the penod 16 to 144 hours rt IS only 0-31 It mu« be supposed that 
the osmium deposited m the gel (whether m combination with 
protein or m the fonn of the dioxide) pmenta an obstacle to 
diffusioa A measurable fall-cff m K value u not known to occur 
with any other fixative. 

Teflyesmctlcy's data for penetration into brer (12 hours) give 
K values of o 29 for the 0-5% solution and 0 58 for the 2% This 
indicates that the 1% solution would be one of the more slowly 
penetrating fixatn-es. 

Skratft^ or swelbr^ Gebtine/albumin gel shrinks very slightly 
(by less than 10% of its volume) m osmium tetnnadc solution. 
The change of volume of whole h^-ert has not been measured 
presumabty because the experiment would be too expensive. It is 
unfortunate that there ore no satisfiicfory numencal data for the 
shrinkage or swelling of cdla. Kaiscrhng and Gcnner found 
that mammalian eggs increased somewhat m diameter when trans 
fared from salme to osmium tetroxide dissolved m distflled water 
The salme was hypotomc and the eggs had already swollen some- 
what mrt. 

Hardening Osmium tetronde leai'cs tissues rather soft Wctiel t 
figure 11171 the figure for chromium tnoxide u r 4 times greater 
Tissues fixed m oommm tetroxide are crumbly m paraffin sad do 
not section wdl 

Itrmeibaie fffects on parttcular amsittunis of the cell By common 
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consent of all %vho have etudied the subject, osmium tetrondc 
pr e serv e s the structure of the Iivmg cdQ better than any other 
primary or maed fixative. Fig 8 A, B (opposite p 70) gives a 
good impression of its action. The nuclear aap and the ground 
cj^toplasm m the viemity of the nucleus become less perfectly 
homogeneous than they were in life, the nucleus may retract 
slightly from the cytoplasm nudeoh become difficult to see 
hpid globules gradually darken Until the latter change has taken 
place, one might almost suppose that the cell was stiD alive, except 
that any Brownian movement will ha\e ceased. Mrtochondiu arc 
perfectly preserved. 

Methods of tcashxng out Osmium tetroxide is washed out m 
runnmg water because if any were left in the tissues, it might be 
gradually reduced by ethanol at subsequent stages, with con- 
sequent darkenmg 

Effects on dyetng Osmium tetroxide leaves cytoplasm readily 
colourable by basic dyes (after bleaching), but scarcely at ah by 
acid ones. The nudear sap also tends to be made bssiphil, and this 
interferes with the differential dyeing of the component parts of 
the nudeus. 

Effects on the ksstole^al picture seen m pertffin sections It is sad 
to turn from the magnificent view of a «11 still Ijing m osmimn 
tetroxide solution to look at a parafiin section of a piece of tissue 
fixed m the tame fluid The fixation is poor (grade ITI-n’’ or IV), 
even with the addition of 0-7% of sodium chlonde to the fixative. 

CeUuIar aggregates arc severdy shrunken so that they are 
separated by wide artifiaal spaces cracks often nm at random 
across the section ground cytoplasm, though fairly homogeneous, 
IS strongl) contracted and often condensed round nuda The 
shape of nudei is well retamed. Pischingcr considered that the 
nudeus as a whole was weQ fixed He thought that there was no 
nuclear membrane m the livmg cell but onlj a physical mtcrfscc, 
and that while other fixatives thickened the mterfaoal region to 
form an artificial nudear membrane, osmium tetroxide provided 
an approximation to the Imng condition The nudear sip is rather 
homogeneously fixed but the objects contamed m it (especially 
the meiouc chromosomes) arc very poorly shown. 

Mammalian testis fixed m osmium tetroxide solution buffered 
at pH 7 4 IS shown m fig 9 B (opposite p 74) 

Compatibility vnth other fixatrees Osmium tetroxide is 
patible wrth all the fixati\’ea mentioned m this chapter and 
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preceding one, except formaldehjrde ind etiunoL The reaction 
■with formaldehyde is ilo^ no darkening occurred within 04 hours 
at 20° C m the orcumstaneca of Bahr s experiments.** Mercunc 
chlonde, chromium tnoxide, and potassium dichromate prevent 
the reduction of osmium tetronde by daylight. 

Unclassified remarks It was first pointed out by Altmann * m 
1889 that Iipid globules are sometimes only blackened by osmium 
tetronde on the outade, *0 that they appear as rings m optical 
section He called these RtngkSmer He found that they were not 
seen mitially but only when tissues fixed m osmium tetronde had 
been brought into ethanol He attnbuted their formation to partial 
solution of the hpid droplet by ethanoL* 



no 16 Three Ri^kSrmr cod t c*p or hood {K«fms*) fortoed bf partid 
•^uaon of Upid ^bule* omum prrpcmwia. 

(FracD Scut* 

This subject was carefully investigated by Starke.*** He found 
that when hpid droplets that had been treated with osmium tetfox 
ide were set free m ethanol they never became RmgkSmer but 
shrank mto irregular shapes, blackened tD through \Vhcn simflar 
droplets were treated with osmium tetroxide while still contained 
m die tissues, the result was different for when the tissues were 
subsequently placed m ethanol, RtJigkSmer were formed Starke 
concluded tlut hpid droplets consisted of a part that was rendered 
insoluble in ethanol by osmium tetronde and a part that was not. 
AVhen the latter was dissolved out by ethanol, the droplet shrank if 
It could but if It were surrounded by fixed cytopUsm it could not 
shrink, and a sphencal hole was left, to the walls of which the 
fixed and blackened hpid material attached itself (fig 16) 

The black rings and crescents commonly seen m osmium pre- 
parations are m many cases to be attnbuted to the cause sug 
gested by Starke. Hts paper published more than 60 years ago bM 
unfortunately been overlooked by many authors. 

Pieces of tissue that have already been fixed m another fixam’e 
(generally a mixture containing ot^um tetroxide) may be soaked 
for several dajs m a simple aqueous solution of osmium tetroxide, 
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to darken certain cytoplasmic inclusions This process of postos 
mication’ was mtroduced by the Polish cytologist WeigL®^ It is 
useful for directing attention to a particular part of a cell, but it 
should be used with caution. RingkSmer are often seen in post 
osmicated preparations. There is a tendency for a black material 
(presumably osmium dioxide) to be deposited on the surfaces of 
granules or other cytoplasmic inclusions and espeaally to fill up 
the spaces between crowded granules. The appearances given can 
be very misleading morphologically and should not be trusted 
unless they can be confirmed by study of the hving cell 

POTASSIUM DICHROMATE 

Standard concentration for fixation i 5% w/v aqueous solution. 

Formula and formula tceight KjCr^Oy. 294 2 

Description Potassmm dichromate crystallizes readily m large, 
orange-red prisms or tables TTicsc mdt with decomposition at 
396* C They are soluble at about 10% w/w m water at room 
temperature (18% at 30* C) but insoluble m absolute ethanol 

Potassium dichromate is more expensive than the sodmm salt, 
but the fact that it la anhydrous and not deliquescent gives rt an 
advantage for certain mdustnal purposes It is used m mahng 
matches and fireworlts and m the chrome tanning of leather, dis 
solved with sulphuric aad it acts as a bleaching agent for tallow 
and palm oil 

It 18 wrong to call this substance potassium bichromate, because 
the name would only be apphcable to potassium hydrogen chro- 
mate, which does not exist. 

lomxaUoTU The ionization of potassium dichromate has been 
carefully considered by Cassdman The ions are the same as 
those produced by chromium tnerade, but m different proportions. 
The ions m solutions of the two substances containing the same 
weight of chromium are compared m fig 14 (p 105) hoth 
solutions by far the greater part of the chromium is m the form of 
dichromate [Cr,Oj]’ and hydrogen chromate [HCrOJ" the 
former predominating m both cases, especially in the solution of 
potassium dichromate. The chromate ion [CrOJ” is present m 
mmute quantities m both. Undissociated chromic aad HjCrOi 
IS present m considerable amount m the solution of chromium 
tnoxide, but there is scarcely any of rt m the solution of potassium 
dichromate. 
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There It a rtrilung difference between the hydronmm ion 
concentration of the two aolutum# A 2 5% aohition of pota**ium 
dichromate has a pH of 4'05, in a aoJatiaa of ebroBumn tnoxidc 
containing the woe amount of chromium as the dichromatc »olu 
tion thc-pH ib 0*85 

If t aduGOQ of pertasMum dichromatc be acidified to the same 
pH at a solution of chromium tnonde containing the same 
weight of chromium, the lona present m the two solutions will be 
the same, except that the former will contain potatsimn 10ns and 
the tmons of the added sad. If hydrochloric acid be used one has 
a fluid almost identical with a solution of chromium tnemde to 
which some potass rum chlonde has been added Since potasanim 
and chlonde lona are inactive in firatioo it foUowi that an acidified 
potassium dichromatc solution will act like a solution of chromium 
tnonde. 

Cassehnan does not give the pH of a 1 5% solution of potassniro 
dichromate, but a 1% solution (pH 4 10) differ* only slightly from 
the 2$% solution La*sek*®‘ gives pH 40 for MflBcrs fluid 
which IS a or a 5% potassium dichromate with i% sodium sul 
phate (see below) 

Oxxdatxm potaitujl The oxidation potential of a 3% solutloa 
of potassium dichromate is 079 volt.*** A a 5% solution has 
almost exactly the same ondation potennaL*** 

Maroffaettere Chromium occurs naturally as chromite, 
FeO Cr, 0 ^ It is treated with sodium carbonate to produce 
sodium chromate, and this with sulphunc aad to give sodium 
dichromate Potassium chlonde is added to a strong warm 
solution of the Utter and Urge crystals of potasoura dichromatc 
separate out on slow coolmg or small ones if the tank is 
shaken 

IfttToducUon as fixairve Potatinim dichromatc was introduced 
mto microtechnique m i860 by H MQIlcr*** who used it m 
studies of the human eve His first fluid consisted of this salt and 
sodium sulphate (presumably GUuber s salt, crystallized with 10 
molecules of water) both at about i 5% with rttrur chromium 
tnooade. Later m the same year *•* he mentioned another fluid 
f rom which the chromium trionde was omitted the concentration 
of the other components was not stated, but was presumably the 
same as before The fluid called AtBlUr^iche AagfnJJuttxgkatt con 
rsts of the same two salts, at 2-21% and i% rtspecu\-ely It 
forms the basis of Zenker t and Hefly^s fluids. 
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The fact that potaMium dichromatc is uniuitiblc for use m 
studies of mitosis v.'ss first made known by Mfl)’2eJ 
ReacltoM mth proitxm Thu is a non-coagulant of albumin 
solution but It \’er> gradually renders undiluted cgg-whitc more 
VISCOUS and eventually transforms it into a weak, semi transparent 

Since, as vre have seen (p ia6) the chrome anions ore almost 
the same whether potassium dichromate or chromium tnoxide be 
dissolved it must be supposed that the stnlung differences be- 
tween the effects of the two substances on proteins must be due to 
the large difference m pH If potassium dichromatc he acidified it 
reacts vnth proteins like chromium tnoxide that is to say, it 
becomes a ftrongl) coagulant fixative The change over from one 
bchavaour to the other occurs m the pH r^nge 3 4 to 3 8 As 
Cassclman points out this is near to the iso-eJectnc points of 
man) proteins (though somewhat below that of niost) It mutt be 
supposed that in the region of the isoelectnc pomt, the protons 
change radially in their reactions to the chrome onions. The 
chemical changes concerned in the slow gel forming process that 
occurs above the critical pH range have not been investigated 
If gelatinethat has been impregnated with potassium dichromate 
ti exposed to light, it becomes insoluble m warm water This fact is 
used in the Autotype’ process of phatognphjc pnnting Jr is 
interesting to notice that chromium tnoxide, on the contrary, 
makes protoplasm soluble on exposure to bnght light (p iro). In 
the ordinary arcumstances of fixation, gclatinc/albumin gd is not 
stabiUicd against warm water by the action of potassium 
dichromate 

Nucleoprotan solution is not coagniated by potassium dichto- 
mate and DNA is readily dissolved b) this salt the histone of the 
nudeut, however is strongly gclatinired by potassium dichro- 
matc There is a marked contrast here vn^ the effect of ocette 
sad which preapitatcs DNA but dissolves histone (sec p 135) 
Reactiant mth hptds Potassnim dichromate is able to attach 
chromium to certain lipids and to render them insoluble m bpid 
solvents The chromium can subsequently be made to react with 
hacroatem to give a black lake. This is the essence of Wogert s ** 

method for mydm Tissues were fixed m MOUcr s fluid erabedd^ 

m collodion and tr ea ted with a solution of hacmatcin (often caDcd 
Wdgert’e haematoxylm , but haemstoxylin is not a dye (sec 
P 173)) Mychn was coloured falacL Other tissuc-constmients 
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were darkened bv unmordanted haematem this was removed by 
bleaching with alkaline potasamm femeyamde, which did not 
affect the lake. 

Better results were obtamed by short fixation m some other 
fluid and subsequent ‘postchroming’ m potassium dichromatc 
sohitiom It IS usual to postchrome tissues for quite a long time, 
often days or weeks, sometimes at 37 or even 60 C This process, 
as a method of fixing particular constituents of cells was intro- 
duced by the celebrated German cytologist Benda who used it in 
his pioneer research on imtochondna. He named it Postchmimrung 
It had previously been used only to harden tissues for easier 
sectioning by hand Bends sometimes used chroraium tnoxide in 
the same way, but potassium dichromate is nearly aln’ays used 
nowadays. 

Smith modified Wcigert s method by introducing a pre 

hnunary fixation m formaldehyde, followed by postchroraing and 
the cuttmg of froien secoona. This technique was adapted b> 
Dietnch and made mto a histocheimcal test for pho^hohpidi 
The sad haematem test “ is its modem vtmon 

The chemistry of the action of potassium dichromate on bpids 
has been studied especially by Kaulroann and Lehmann 
•nd by Lison It would appear that a wide variety of unsaturated 
hpids can be rendered msoluble m lipid solvents by the prolonged 
fiction of potassium dichromate. There is no action on saturated 
Ones Different periods of postchroming arc suitable for different 
Unsaturated hpids. 

The evidence suggests that three processes can be mvob’cd m 
the sction of potassmm dichroinatc on hpids, and that they need 
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not all occur together These three arc simple oxidation polj 
nveniation with loss of solubflity in hpid sob’cnts, and binding of 
chromium (additive fixation) 

Sunplc ondauon at the double bond occurs particularly when 
there is onlj one such double bond m a fatty acid radicle. The 
fatty aad chain it spirt at the double bond %vith formation of two 
aldehydes. 
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Potymenzation is particulaTly apt to occur when a double bond 
bes near the opposite end of a fatty tad chain to the carboxyl 
group Oxidation proceeds as far as the peroxide stage, and mole 
cules then associate to form a polymenc, insoluble substance. 

"VMien a fatty aad radicle is highly unsaturated the double bond 
nearest to the carboxj I group beha\ cs in a special way Onditicm 
proceeds as before to the peroxide stage there is then a passage 



Ptrtmdt OOtetoiu CJnmitm te mp omd 

through dfli} droxyketone to dflcctone, and chromrain is then 
taken up as oxide. This onde, of unstated composition, is shown as 
\ m the formula given here. 

In Lison’s mcw phospholipids take up chromium because 
their fatt) aad components tend to be particularly highly iin- 
saturated 

One of the most valuable properties of potassium dichromate is 
Its ability to fix mitochondrw by rendering tbor hpid components 
insoluble m hpid solvents 

It IS important to bear m mind that tnolcm according to Smith 
and Thorpe *** can take up chromium if postchrorning is pro- 
longed, and become insoluble m alcohol, xylene, and ether, even 
storage-fat can be made to gnx a bbek reaction with hae m a teir u**^ 
Kaufraann and Lehmann *** claimed that all unsaturated bpids 
could be rendered insoluble m hpid solvents by potassium di 
chromate. Chou has recently obtamed some confirmatory 
results. He has shown that if the subcutaneous adipose tissue of 
the mouse be fixed in Ciacao s fluid ^ and then left m a saturated 
solution of potassium dichromate at 37" C for 49 days, the fat is 
rendered insoluble m certain bpid solvents. TTic tissue can be 
dehydrated and brought throu^ i^lcnc mto paraffin the fat 
globules can be deeply coloured with Sudan blade in sections of 
such matcnaL Nevertheless, potassium dichromate docs not 
compare with osmium tctroxidc m abflity to render most lipids 
insoluble, and storage fat is not ordinarily preserved m paraffin 
sections of tissues fixed with potassium dichromate. 

It seems probable that hpids are more widely dispersed m the 
ground cytoplasm than is usually supposed, and potassium 
dichromate may fix partly by acting on these. 
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Reaciions rath carbohydratn Potassium dichromatc is not a 
fixative for g\) cogcn Chromium u not kno^vn to be taken up from 
solutions of potassium dichromatc by any carbohydrate or related 
substance, with the possible exception of hgtun ** It is to be pre- 
sumed hovrever, that acidified potaasmm dichromatc will react 
towards carbohydrates m the same way as chromium tnerade 
(P 107) 

PenetratioTu Tellyesnicaky s data give a high K. vTilue (1 33) for 
the penetration of the 3% solution into liver but it is doubtful 
whether this means muA The term rate of paieiraUon, as used m 
this book, means the rate of pmetration mih fixatroe effect Now 
potsssnim dichromatc docs not coagulate proteins, nor docs it 
gdfltmise most of them m the ordinary period of fixation. Figures 
for rate of penetration do not seem to be applicable to this sub- 
stance though no doubt it runs quickly through protein gds 
and tissues 

Shrinkage or meUatg Gelatme/albuimn gels swell strongly (to 
j6o% of their ongmal volume) in potassium dichromatc solution. 
Whole lii'ers remain unchang^ m volume m a 3% •elution but 
are shrunken by subsequent dehydration and retam only -^9% of 
thar original N'ohirae when brought into paraffin wax Primary 
spcnnatocytes of the snail arc reduced to 23% of thar original 
volume when paraffin sections of the ovotestis fixed m a 5y(, solu 
non have been mounted in Canada balsam. This represents greater 
final shrinkage than that which follows fixation by roost primary 
fixatrves 

Hardening Tissues are left very soft, Wctiel s figure for ngidity 
after fixation m a 3% solution is 171 Chromium tnoxidc lea\es 
tissues a 7 limes as npd as this After subsequent loakmg m 80% 
ethanol nasues are still verv soft 
In the old days, when potassium dichromatc was used as a 
hardening agent before sectioning by hand without embedding 
tissues were left in the solution for long penods 
Immediate effecti on particular constituents of the cell The shape 
of the cell IS rather well prcscrv-cd though there maj be some 
retraction of small pseudopodia The ground cytoplasm becomes 
somewhat granular Mrtochondrta arc preserved but transformed 
from threads into o\'Oids and short rods their form would prob- 
ably be better maintamed in the presence of an mdiffcrent salt. 
Lipid globules tend to nm together The nucleus retains its form 
but ma) be •omewhat retracted away from the cytoplasm, its 
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wcmhr^c 1$ very dcariy seen, the nuclear sap n finely granular, 
the nucleolus is shrunken 

IVasIrw^ out An insoluble precipitate (presumably of chromic 
oxide, CrjO,) tends to be formed m tissues if they are transferred 
directly from potassium dichromate to aqueous cthanoL It has 
already been mentioned that the salt is insoluble m absolute 
ethanoL Potassium dichromate is therefore usually washed out m 
running water The experiments of Virchow suggest that it 
may be safe to transfer tissues directly from potassium dichronaate 
solution to 95% alcohol if hght be excluded Overton advised 
washing tissues m sulphurous oad after fucaDon m potassium 
dichromate (see p 109) 

Effect on dyetng Scki claims that potassium dichromate 
renders proteins and cytoplasm aadophil but m fact cytoplasm 
can be coloured quite strongly by certam basic dyes after the 
action of this fixative. Chromatin is left strongly colourable by 
basic dyes,** but it is not fixed in its original position withm the 
cell Smcc the nuclear membrane is well fixed, the chromatin 
cannot escape, but distnbutes itself almost at random withm the 
nucleus This is the last fixative one would choose for studies of 
chromosomes (unless aadified) 

Effects on the hxtological pietttre teen m panffm sections It was 
on paraffin sections of root tips of nrnxc (Zea mc^i) that the Amen 
can cytologist Zirkle first clearly demonstrated the effect of pH on 
fixation by potassium dichromate. He showed that when the 
hydromum ion concentration was on the more aad side of a certain 
range, the fixation image was that of chromium tnooadc, on the 
less aad side the image was completely different Simple solutions 
of potaasnim didiromate fall on the less aad side. Zukle put the 
change-over range at pH 4 2 to 5'a but Cassclman m a recent 
careful study with marnmahan tissues, put it at pH 3 4 to 3 8 

By Itself potassium dichromate is a very poor fixative for paraf 
fin sections (grade V) Cellular ag g re g ates shrink apart from one 
another leaving wide artificial spaces cytoplasm is rather homo 
gcneously fixed, but tends to shrink round the nuclei and some- 
times even disintegrates partially, so that cells become separated 
from one another mitochondria arc rctamed though often some- 
what rounded up red blood-corpuscles are swollen and irregular 
The shape of nucla is fairly well retained the nuclear sap w homo 
gcneously fixed without net like coagulum but may retract frum 
the membrane the nucleolus is shrunken and often surrounded oy 
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a halo and may be aubdrvided, the hcterochromauc segraenta of 
the chrontoaomes are not »ecn in the mterphasc nucleua, and the 
definitive chromosome* of mitoti* and maosu are unfixed. 

In brief tummary and at aome n»k of over simplification one 
may express the effect of pH on the action of potatsium dichromatc 
thus On the leas aad ede of the critical range (pH 3 4 to 3 8), the 
cytoplaitn, nndear »tp, and mrtotic spindle are homogeneously 
fixed mitochondn* are retained the nucleolus 1* partly dissolved, 
chromoeome* are acaredy viaible. On the more aad nde potassium 
dichronute acta like chrommm tnoxide that is to say cytoplasm 
end nuclear sap are coarsely coagulated and the mitotic spmdle is 
fibrous, mitochondns arc non existent the nucleohu and chromo- 
somes are well fiyrd These may be called re*pecti\Tly the less 
aad and more aad fixauon-unages of the chrome anions, as seen 
m paraffin sections. 

CompcttbCity mth other fixatwa Potassium dichromatc is 
compatible with picnc aad, mercunc chloride, and osmium 
tetroxide. If mix^ with more than a very small amount of 
chromium tnonde, it shows the more aad ^oon muge.***- 
It also shows this image if mixed wnh more than a very small 
amount of acetic aad or any other aad used m fixation. It react* 
rsther slowly with formaldehyde and mixture with this substance 
IS allowable if it is done immediately before use when the colour 
change*, the fluid should be renewed Potassiura dichromatc 
solution should not be mixed with ethanol, lest chromic oxide be 
deposited m the tissue 

Undasstjied rewiarh It ha* been known since the end of the last 
century that different dichromalts give different fixation images,*’ 
but the explanation swarted the work of Zirkle.*** The subject has 
now been re mvestigtted by Casselman Those dichromates 
that show at fixative concentration, a pH on the more aad side of 
the critical range, fix like chromium tnoxide barram, calcium, 
mercuric, and sflver dichromates arc examples, A saturated solu 
tion of mercunc dichromatc is particulaily strongly aad (pH 
1-05) Those that show a pH on the Ie» aad side fix like potassium 
dichromatc The ammonium, lithium, and sodium salts do this 
The last-named is the least aad, a solution of the same mole 
cular concentra t ion as 2 5% potassium dichromatc (pH 4-05) 
showing a pH of 5 10 *** Anmiomum dichromatc presents the 
advantage thst rt docs not swell mrtochondna as the potassium 
salt docs,*** 
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not even mention acetic aad* The aoftnew of tissue* fixed with 
this substance probably counted against ft, for the microscopist* 
of the tune were more interested in hardening agents than in 
fixatives, Corti who expenmented freely with fixative fluids, 
tried rt m his study of the inner ear in 1851 and In the same year 
Qarkc ^ used it m a mixture with ethanol for the treatment of 
tissues that had already been soalced m the latter fluid. It was 
subtequentiy used by Rcmak in 1854 and Auerbach ** 20 years 
later nemming mentioned that It made the nudearmontirane 
very refractive and tended to distort it he preferred chromium 
tnaaade and picnc aad Acetic tad appears to have been valued 
in the scvcntie* and cighnea chiefly for ihowmg nuclei clearly and 
making connective tissue transparent, pyrobgneous sad was 
sometimes preferred, because rt hardens somewhat.^ 

ReacUoru tuxih preians Acetic acid (at the standard concentra 
non) doca not coagulate albumin, doea not set egg white into a gel, 
and has no fixative effect on gelatmc/albumm gel or on haetnoglo- 
biTU Histone can be extracted from tissues by acetic aad Its moat 
evident effects are to swell protem gels and fibres and to produce 
a preopitate with nudeoprotein. 

The undissodated tad is thought to break the linkages between 
amide groups of contiguous protem chains, by associating with 
these this wxmld permit swelling The dissocuted sod splits the 
salt links (ammo to carboxyl) that slao hold proton chauia together, 
and this tgam permits swelling Water is drawn mto the protein 
by attraction to the hydrophfl groups exposed by these reactions, 
TTie bydrotuum ion ha* a preservative effect, because rt checks 
autolysis and stop* the gr o wth of putrefactive bacteria. 

Acetic tdd give* a thick preapitste with nudeoprotem solution. 
This t* attributed to the action of the acetate wm m splitting off 
DNA from the proton. DNA u preapitated from solution by 
acetic acicL 

RfceUons terth lifuds Certain lipids are miscible trith glacial 
acetic aad, or soluble m rt, sphingomyehn the ncmolem of castor 
oil, and cholesterol arc example* (though the latter is only 
slightly soluble) These facts, however, are not of much significance 
for microtechTuque, once lipid* are not ordinarily soluble m 
acetic aad *t the usual fixative concen tr ation of 5% or thereabout* 
Phospholipids can form colloidal solution* in water but thor 
solubflity m acetic aad of fixatiw strength doe* not appear to hs\ e 
been determined Acetic aad b not known to fix any Upid, 
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Reactions wtih carhoJiydraies Acetic aad neither fixes nor 
destroy* carbohydrates. 

Rate of penetration Acetic aad penetrate* at moderate speed into 
gelatme/nucleoprotem gd (K =« a 75) It may be remembered that 
Its rate of penetration mto gclatinc/ulburam gel cannot be mea*iired, 
because it does not fix this get For the same reason the rate of its 
penetration into tissues cannot be measured in such a way as to 
give a K-vahie comparable with the others quoted m this book (see 
under potassium dichromote p 131) No doubt it run* quickly 
through the tissues as Tcllycsnical^s data suggest (K = i*a), but 
rt penetrates without fixing protons, preapitating nucleic aad* as 
It goes. 

Shrinkage or steelling Acetic aad swells proton gels far more 
than any other fixative, for reasons that have been discussed (p 
64) A simple aqueous gelatme gel (15% w/^V) placed m tcetic 
aad solution, exfonds to about 13 times it* ongtnnl volume in * 
week. Under the standard conditions of measurement, gelatine/ 
albumm gel expands to 455% of its onginsl volume (see fig i, p 
36) Tissues and cells also swcU m acetic aad, but if they arc not 
itabilixed m the swollen state by the action of some other fixative, 
they shrink strongly on dehydration and subsequent treatment 
Thus the spermatocytes of the snail retain only 28% of their 
ongmal volume when paraffin sections have b^ mounted m 
Canada balsam. They retain a considerably larger volume 1/ 
formaldehyde be used as fixative, though this causes very much less 
initial swelling of protem gels 

Hardening Acetic aad leave* tissue* much softer than any other 
fixative. Wctxcl s figure for ngidity is only about 9 The figure for 
cfirommm tnoxide is 25 time* as great After subsequent soaking 
m 80% alcohol tissue* remain extremely ioft 

Jtnmedvste effects on particular constituents of the cell The cell 
outline become* rather mdistmct any thinpscudopodiatcndtobc 
transformed mto rows of globules ground cytoplasm loses it* 
ongmal homogeneity mrtochondna arc transformed mto faint 
rows of granule* and generally disappear, hpid globules 

are sometime* well retained but the neutrophil granules of 
polymorphs disappear The nucleus sometime* retract* from 
the cytoplasm nuclear contents arc transformed into * 

lumpy network the nucleolus sometime* become* irregular m 
shape. 

Methods of xoashing out Since acetic aad is perfectly nuaao c 



PRIMARY FIXATIVES NON-COACULANTS I37 

With ethanol and has no tendcnqr to produce insoluble extnnjic 
artifacts, no special washing out u necetsaiy 

Effect on dyetng Cytoplasm is rendered rather str ongly aado- 
phil, though rt also take basic dyes. The chromatm of mtcr 
phase nuclei colours rather feebly with basic dyes, and scarcely at 
aD with aad ones (probably because it is represented only by DNA, 
the protein constituent hsvmg dissolved away) Mctaphasc and 
anaphase chromosomes colour strongly with basic dyes The 
nucleolus is not readily coloured by dye lakes. 

Effects on the htctolo^al picture tttntn paraffin sections Zirkle 
showed that the acetic anion only produad its characteristic 
fixation image if used on the aad side of pH 4.0 or thereabouts At 
less and pH than this, fixation does not occur and tiasues macerate 
httle beyond the nucleoU can be identified in paraffin sections of 
the mace rate d matenaL 

The typical aad fixation image may be summarized thus. 
Cell aggreg at es tend to be widely separated from one another by 
artificuJ apacea. Cytoplasm is poody represented it is strongly 
contracted round the nuclei, or coarsely reticular Mitochondna 
are not teen this is particularly chanctenatic of acetic fixation. 
The ihape of nuclei u fairly retained but the nuclear sap 
seems not to be fixed and there ui only a coarse reticuhim withm 
the mterphasc nucleus, with s swollen, often vacuolate nucleolus, 
Defimtive chromosomes are rather wcD fixed. The mitotic ipmdle 
appears fibrous. 

Zirkle contidered that the fixation image was similar to that 
given by chromium tnoxide, and there arc mdeed aimilantiea. 
Nevertheless, chromium tnoxide (with lodnim chlonde) gives 
better general fixation. The celiulsr aggregates stand in more life- 
like relatian to one another chromosomes at all stages are better 
fixed the nucleolus retama its ongmal form. 

It 11 not obvious idiy mitochondria do not appear m parafiin 
sections fixed with acetic aad alone. Their hpid content has not 
been proved to be soluble m the 5% solubon and indeed, os we 
have seen, they ire not necessarily destroyed by the action of the 
fixflti\-e Itself though as a rule they are either destroyed m the 
fixative or else left in a condition that results m their destruction at 
a subsequent stage. In a few cases the> con be teen m parafiin 
sections of raatcnal fixed m mixtures containing a considerable 
amount of acetic aad *• Despite the general belief to the contrary 
rt must be the acetate ion or the undissoaated aad that acts 
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unfavourably upon thcm^ not the hydronnim ion, for as Caiselinin 
and Jordan thcnvcd, mitochondm can be quite well seen m 
paraffin tections of tissues fixed m o*iN hjdrodilonc aad. This 
subject has recently been considered in some detail 
CompatUnUty vnth othn fixaltvfs Acetic aad is compatible with 
all other fixati\ cs, but when it is meted -with potastnim dichromatc, 
the fixation nnage of chromium tnoxidc is givcm 

Undamfied remarks The ficaQon image given by acetates in 
paraffin sections a dependent roainlj on their pH Thu was 
shown by Zirkle,*” who experimented inth sTinoiu aahs con 
taming the same amount of the acetate ton as 2% acetic aad 
Those acetates that ga\ e a pH less than 4*0 (bismuth subacctate 
for instance) tended to produce the charactenstic 'aad fixation 
image of acetic aad Sodium acetate, on the contrary, and others 
that also ga\'e a less aad pH than 4*0, generally macerated tissues. 
In some cases the cation affected the image. 

The other short-chain fatty aads (formic, propionic, butync, 
\'alenc) all gwe much the same fixation image m paraffin sections 
as acetic so do glycoflic, glj-cenc, lactic, and gluconic.*** Tn 
cfalonccGc aetd however acts in tn entirely different way It 
is a coagulant fiiau\e it leaves the nucleolus readily colourable 
b> iron haematein, and mitochondria can be well fixed by rmr 
turcs containing it at 2% •** 



CHAPTER 7 


Fixative Mixtures 


The term 'fixative mnrturea a here u>ed to mean mcrturca of 
two or more substance*, eaxii of which act* »* fl fixative when used 
alone. A primary or untmxed fixative a regarded as remaining 
pnmary when nothing but an indifferent salt or other non 
fixative substance la added to it 

The primary fixatives present the advantage that the intcT'^ 
pretauon of their effecta— difficult enough though it may be — a 
much easier than that of nurture*. StiU, the majority of succesaful 
fixative* used m routine worh axe inixtures Et h a n ol i* a poor 
fix a t i ve (grade IV) acetc aod an mdufferent one (grade III) but 
nuxed together m approprute proporoons m Clarke** fluid ^ 
they produce e fixative that i» not only very good (grade 1 ) m 
routine histology but aUo valuable in chromosome studies. 

Most of the mixture* used today have come into bong m a 
haphatard way A study of the paper* m which the formulae 
were firat published will show this. One expect* to find a careful 
consideration of the causes that led the author to dioose certain 
pnmary fixative* and to mix them m partimlar proportion*, but 
unally nothing of the kmd is offered the mixture u presented to 
the reader as a/oit accompU quite frequently in the form of a foot 
note. OccasioruBv the author tell* u» about the various mixture* 
he tried empmcally but the description of his experiments show* 
that he ga\'e no consideration to the fact that the ingredient* must 
necemrily interact. 

It 18 clear that a process of oatunl selection has been at work. 
Many new matures have been thrown up more or lets at random 
by processes analogous to mutation and recombination and they 
have been tried out m practice by a number of independent worker*. 
Only the one* that give reaso na bly good results continue to be 
used •ubtequcnlly many fall by the way»dc m the struggle for 
existence or drag out a futile old age In the pages of the reaper 
books. 


»39 
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Some authors debght m making trivial changes m well known 
formulae, Champy’s fluid, for infancy., has this composition — 


potassium dichromate, 3% aq 

7 ml 

chromium tnoxide, 1% aq 

7 ml 

osmium tetroxide, 2% aq 

4 ml 


This IS a useful fixative for certain cytoplasmic inclusions. 
Nassonov used the proportiona 4 4 2 (he rt Champy s 
fluid without comment) To this he adds a solution of pyrogallol, 
measured m drops the total amount of pyrogallol add^ is shout 
o-i mg to 10 ml of fluid, PyrogaDol could not exist for an instant 
m the presence of vastly greater amounts of two very strong oxi- 
dizers (chromium tnoxide and aadified potassium dichromate) and 
one moderately strong one (osmium tetronde) it must at once be 
changed to carbon dioxide and other oxidation products. Yet 
many cytologists continue to bebeve that there is some speoal 
virtue m Nassonov s fluid Actualty there is none. Thu can be 
proved by getting a friend to fix one act of objects m Champy a 
fluid and another in Naasonoys, with secrecy aa to which is which. 
It will not be found possible to distinguish the final preparations. 

Fixatives arc geneixlly named after the persons who mvented 
them. It has already been mentioned (p 24) that it is often con 
venient to call them simply by the names of the mventors, without 
necessarily saying So-and so s fluid. This works well when the 
inventor (Zenker for instance) only introduces a single fixatne, 
\Vheii someone introduces two or more, desenpUve words are 
necessary Thus one may refer to Flemmmg s weak and 
strong mixtures It is desirable m such cases that the mventor 
should hims elf suggest suitable names Hadenhain named one 
of his fluids Susa, combining mto a single word the first two letter* 
of each of the words Sublmat and SSurt (Some authors have 
supposed Susa to be a person ) It is thoughtless of an mventor to 
call a fluid by the number that it happens to receive m his labora 
tory note-book ( B 15' for instance, or ‘aBD ), for this has no 
mnemonic value for others 

In some cases the reduction or omission of one constituent 
radically changes the nature of a fixative, and a change of name is 
then desirable, Flemmmg 1 strong flmd contains i Mosaiha.^ 
Oder vxmger of tcetic aad to 19 of other constituents. Benda 
reduced the amount to 3 drops of acetic to 19 ml of other constrtu 
ents Lewitsky omitted the acetic aad altogether Fle mm mg • 
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fluids aa wauaSy Mted va a valuable fixativ e for tbe ttudy of chromo- 
lomes and for the detailed hiatologv of very small pieces those of 
Benda and Lewitafcy are quite different m character bang m 
tended for tvort on cytopUamic inclusions, and should be called 
by the names of the men who introduced them- 
Fitative mixtures are not ahv:^ asenbed to tbar actual m 
ventors Thus Clirte ^ mtroduced m 1851 a mixture of one vol 
urae of acetic aad with three of spirits of wine m this he soaked 
tissues that had already been immersed m spints of wme alone 
This mixture was widely used as a direct fixative m the following 
years by Beale “ and others. Frey quoted it m his well 
known text book in 1863 giving dxe Clark^sche lonchnft as 
3 TkaU Alkchol mif 1 TheU Essigsaxat He continued to quote it 
repeatedly m tus various editions,*^ It is therefore rather strange 
that the mixtiire should nowadays be almost mvanablv attributed 
to Camoy who gave this formula m i886 It wiD here be called 
by CUrke s name, while Cwnoy • will stand for the fluid of his 
own inventian^* (absolute ethanol, glaaal acetic aad, and 
chloroform m the proyKirtion of 6 i 3 by vohune) It may be 
remarked that Clarke is the better fixauve for routine paraffin 
sectiooi It falls m grade I Camoy m grade II 

Several authors have mixed a saturated solution of merainc 
cWonde with acetic tad but it docs not seem possible to 

find out who first used the fsimliar mixture of the two substances 
m the proportion of 95 5 by volume. This fluid (here called 
mercunc/scetic) IS usefiil in zoology particularly m the preparation 
of whole mounts. 

Another anonymous mixture is Zenker without accUc. The fluid 
is radically different from Zenker because the pH lies on the 
opposite side of the critical range (p 13a) and proteins therefore 
react to the chrome snrons m k m sn entirely different way This 
IS the only fixstivc that ts useful in cytoplasmic cytology and at the 
same tune good enough for routine histology to reach grade I 
Bcnslcy ** has recommended s fluid closely similar to Zenker 
without acetic, but not identical with it. 

For the purpose of gencrahiatioo it is necessarj to choose a 
Imuted number of represcntatn'c fluids. Twenty five aqueous 
fixative mixtures have been selected for this purpose, and two not 
contaming water They arc a typical selection of mcrturca that arc 
wkJcIj used in micro-anatomy embryology histologj and cyto- 
logy Different authors would have made different hits, but a 
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considerable proportion of the 27 Tvould almost me\itably have 
been chosen The aqueous mixtures are listed m table 8 The two 
non aqueous ones arc Clarke and Camoy 

The dates of mtroduction of these 27 fiiati\xs have some in- 
terest from the histoncal pomt of view The dates of mvcntion of 
two arc unknown. The formulae for the remaining 25 were first 
published m the 8c\’cral decades as follows — 

1850-59 I 
1860-69 o 
1870-79 I 
1S80-89 4 
1890-99 6 
1900-09 4 
1910-19 7 
1920-29 2 

If the list of fixative mixtures commonly used today were con 
siderably extended it would probably be found that the great 
majority of them were mvented between 1880 and 1919 The 
most anaent fixative mixture commonly used today is Clarke 
(1851) 

Table 8 gives various kinds of numencal information about the 
25 aqueous fixatives It was found impossible to make a direct com 
panson between all the fixatives m the table except by relating the 
amount of each mgredicnt to that of the only substance that 
occurs m all namely, water The concentrations arc therefore 
expressed as percentages, w/^V except that acetic aad is expressed 
as \ f\V smee this substance is nearly always measured by lohiiDe 
m biological laboratoncs. (See Appendix, p 313 ) 

Boum s fluid ma y be used as an example to explam how the 
concen tr ations were calculated The composition is — 

formalm 25 ml 

picnc aad sat aq 75 ^ 

glaaal acetic aad 5 

The approximate composition of the formalm is 10 g of form- 
aldehyde and 15 g of water The water m the picnc aad soluti^ 

18 very nearly 75 g The total amount of water may therefore 
t^Vrn as 15 -}- 75 = 90 g Picnc aad is soluble at about 1 4 ^ ^ 
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water thus there JB about 1*05 gin 75 ml of the aaturated solution 


The composition of the fluid is therefore — 

formaldehyde 10 g 

pioTc aad 1 05 g 

acetic aad (glaaal) 5 rd 

water 90 g 

If etch of these figures be increased by one ninth, we have the 
composition expressed as percentages of the weight of water — 

fonnildehyde ii g 

picnc aad i 2 g 

acetic aad (glaaal) 5*6 mL 


The conccntrttioQa of the solutes are therefore — formaldehyde, 
11 % picnc tad, I 2% w/\V, acetic aad 5 6% v/\V These 
are the figures given m table 8 

Care has been taken to make the table at accurate as possible, 
but perfect accuracy cannot be achieved Some inventors of 
fixative mixtures give amountt in drops. It it unpoanble to be sure 
how much HNO, there was m Pcrinyi t SaltpttmSun 10% 
Saturated sohrtioas axe of varying con cei i tia Qoas Authors do not 
tell us how much (if any) water of crystalhxation they introduce 


TABLE 9 

Ajufytii of 35 oquroux fixattv* mtxturu narmmy of pert of the 
trformation coitSxitned tn tabie B 



'^Tth sodium sulphate. The attempt has been made to get the 
®^nceiitritions correct, w here possible, to two tignificant figures. 
There would be no point in trying to go beyond this. 
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from the forTnaIdch\'dc till the last moment, but there u no 
rcaton Tvhy the fomuldehj-de should not be mixed with the 
ocetic aach 

Although certain vcij unstable fixatires work well jet rt » 
questionable whether thej could not be replaced by more rational 
mixtures. Some of the changes that occur in unstable fixatix es Iia\-c 
been studied by Freeman and his colleagues and b) Cassd 
man ^ The fluids of HeUy Karpcchenho Orth and Regaud all 


TABLE 10 

Method for pudtxrtg ftp mail tpnoRtxtiet of ctriasn cytol<^al fixatives 
It u often convenient to Aaftr these quatUtses 



FlrntmofS*^ 
(irrov Jtdl 
aertu) 

Jenmla) 

k/ 

Ltntuks 

tah*e** 

wd 

DtttiUed «Ktcr 


1-6 

a-o 

Chronuum tncuwle 5 sq. 

06 


0 6 

Chknoplatow *0(1, 5 cq 


0-6 





0-6 

Ocmnxo tetmiu« s aq 

o-S 

eS 

eS 

Acetic lod. so aq 

1*6 




use gradually m pH from the time when they arc made up Thus 
Helly rues from pH 3-70 when fresh to pH 4'ao on the next dav 
The oxidation potential falls at the same time that of Sanfehce 
fallj even more. Other fixatrre mixtures, such as Al tman n. Bourn 
Clumpy Susa, Hermann Perenji, and Zenker mamtam a con 
stant or nearly constant pH, and at least some of them (Alimann, 
Champy 2 Jcnkcr) a constant oxidation potential Flemming with 
full acetic becomes more and 00 standi^ 

The products of the reactions in unstable mixtures appear not 
to have been worked out. The reduction of the chrome anions is 
likely to produce cabomc diromiuiD this would itself act as a 
fixative, though quite differently from the anions The use of 
cationic chromium m fixation has been suggested by Zirtle ••• If 
unstable mixtures are rcaHy necessary it u important that their 
reaction products and the effects of these on the tissues should be 
knowtL 

Of the fixatives listed m table 8 nearly all that are used chiefly 
m raicTO-anatomy embryology, histology and m studies of 
chromosomes contain acetic nod. Thu applies also to Clarke and 
Camoy The only exceptions are KJemenberg (which contains 
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Bulphunc aad) and HcUy For dmnnoiome jtudics acetic aad is 
almost mvanablj included, though exceptions can be quoted.^**’ 
Faatn es for chromosomes usually also contain chromiimj tn<mdc 
(or acidified potassium dichromale) 

Many of the mixturea used for the purposes mentioned m the 
last paragraph contain, ui addition to acetic aad, one or more 
coagulant fixatives and cither formaldehyde or osmium tetronde 
This applies, for instance, to Allen s B 15, Bourn, Brasil Flem- 
ming Susa, He rma nn, Karpcchenko-Ka\‘aschin and Sanfchcc. 
This tno of ingredients (acetic aad -f- coagulant non-coagulant 
fixative of ground cj'toplasm) is so frequent m sndely-used mix 
turts that the reasons for its success must be sought, Acetic aad 
docs not in itself prevent great shrinkage m final preparations 
(p ^36) docs prevent it during fixation. In nuxtures it 

prcsuinably antagoniacs the shnnJang effect of other fixatives 
ivhflc the latter are stabilmng the protons m the unshrunken 
state ft also proents cxceasive hardening Ross showed that 
mixtures hare much less tendency than primary fixativea have to 
produce a badly ihnmk final preparation The primary apennato- 
cytea of the an^ fixed m 4% formaldehyde, retain m b alsa m only 
34% of their onginaJ ixilunie, and this appears to be the pnmiiy 
fixative that results m the least final shrinkage of any (with 
the doubtful exception of osmium trtroxide) kMth chromnnn 
tnoxide at o^S% the figure is 39% of the original volume 
with 5% acetic aad 28%. Yet when these three pnmtry 
fixati\es are mned to produce Sanfchcc, the final \*oluine m the 
mounted parafiin section is 66% of the original- Sanfchcc gives 
less final shrinkage than any other mixture studied by Ross. 
All the mixtures he studied (mduding Bouin HcIIy, strong 
Flemming mercunc/acctic, and Zenker) gave leas final shrinkage 
than any of the primary fixatives (except perhaps ostnmm 
tetr oxide) 

This only explains in part why fixatnes contaming the tno arc 
80 successfiiL ^^^^y should not acetic sad and one other ingredient 
suffice? It seems that tissues arc not readily infiltrated with paraffin 
unless they have been made spongy to some extent by the mclosion 
of a coagulant fixative. If bowc\Tr a coagulant is used alone the 
cytoplasm and nuclear sap tend to be tranaformed into rather 
coarse meshworks If formaldehyde or osmium tetronde be m 

eluded a compromise 11 reached the protoplasm is more smoothly 

fixed, but paraffin can still enter 
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*iilphimc aad) and Helly For chromosome studies acetic aad a 
almost invariably mcluded though exceptions can be quoted 
Fixatives for chromosomes usually also contam chromium tnoxide 
(or aadificd potassium dichromate) 

Many of the mixtures used for the purposes mentioned m the 
last paragraph contain m addition to acetic aad, one or more 
coagulant fixatives and cither formaldehyde or osmium tetroxide. 
This applies, for instance, to Allen’s B 15, Bourn, Brasd, Flem- 
ming, Susa, Hermann, Karpechcnko-Navaschm, and Sanfclicc. 
This tno of mgrcdienta (acetic aad -(- coagulant + non-coagulant 
fixative of ground cytoplasm) is so frequent m widely used mix 
tures that the reasons for its success roust be sought. Acetic aad 
does not m itself prevent great ehnnkage m final preparations 
(p 136) but It does prevent it dunng fixation. In mixtures rt 
presumably antagoniacs the shrinking effect of other fixatives 
while the latter ore stabOixing the proteins m the unahninkcn 
state rt also prevents excessive hardening Ross showed that 
raixturtss have much less tendency than primary fixatives have to 
produce a badly shrunk final preparotion The pranary spemutev 
cytea of the snail, fixed m 4% fonnaldebyde, retain m b alsa m only 
34% of their onginal volume, and this appears to be the pruniry 
fixative that results m the least final shrinkage of any (with 
the doubtful exception of osmium tetroxide) With chromium 
tnoxide at 0*75% the figure is 29% of the original volume, 
with 5% acetic aad, 28% Yet when these three primary 
fixatives are mixed to produce Sanfclicc, the final volume in the 
mounted paraffin section is 66% of the ongmxd. Sanfehcc gives 
less final shrinkage than any other mixture studied by Boss. 
All the mixtures he studied (mcludmg Bourn Helly strong 
Flemming mcrcunc/acetic, and Zenker) gave less final shrinkage 
than any of the primary fixatives (except perhaps osmium 
tetroxide) 

This only explains m part why fixatives containing the tno are 
so successful ^^y should not acetic aad and one other ingredient 
suffice? It seems that tissues are not readily infiltrated with paraffin 
unless they have been made spongy to some ex t e nt by the mchision 
of a coagulant fixative. If however a coagulant is used alone the 
cytoplasm and nuclear sap tend to be transformed mto rather 
coarse meshworks If formaldehyde or osmium tetroxide be m 
eluded a compromise 18 reached the protoplasm is more smoothly 
fixed, but paraffin can still enter 
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The rcquircmenti of piraffin embedding have m the past to a 
large actent controDed our choice of fuortivei. The introduction 
of new embedding media is Ukely to rcsolt m less rehance being 
placed on coagulant fixatives. 

It foDows from what was said in chapter 6 that fixative mixtures 
intended for the study of cytoplasituc mcfusions wfli contain 
formaldehyde, osmmm tetrondc;, or unacidificd potassium 
dichromatc, or more than one of these. Acetic sad u omitted or 
reduced to s mmute amount These generahxationa apply to Alt 
msnn Aoyama, Benda, Bcoil^ s AOB, Champy Helly Lewitsky 
Mann Orth, Regand and Zoiker without accCC, Of these, oofy 
Benda and AOB contain acetic aad, at great dilution (iess than 
o 2 %) It must bo emphssaed once more that the omission or 
great reduction of acetic aad is not necessarily connected with pH 
Thus Lewrtiky di/Fcrs from Flemming i strong fluid only m the 
absence of acetic aad from the former yet they have the same 
pH»« 

Acetic or any other sod, unless very dilate, will transfonn 
potissrum dichromate mto a coagulant fixaave and m so doing 
abolish Its ability to fix mitochoodna. 

Coagulants are often omitted from mcrturts used for the study 
of cytoplasmic incluiiona. This applies, for instance, to Altmann 
AOB Orth and R^ucL Easy infiltration with paraffin is 8acn> 
ficed for the sake of homogeneous fixation of the ground cyto- 
plasm, It 13 paruculsrly difficult to obtain good paraffin sections of 
tissues fixed m Altmaim, 

Each component of a fixative mixture should so far ss possible 
compensate for a defect in another TTius ethanol shrinks tissues 
ftrongl) and docs not fix chromatm acetic sad compensates for 
both these defects. Acetic aad does not fix cytoplism or nuclear 
tap ethanol fixes both (though the former mdtffcrcntly) UTicn 
ethanol and acetic aad are mixed to make Clarke’s fluid on 
excellent fixative for routme histology and chromosome studies is 
produced. 

The propertjci of Bourn's fluid can be analysed m a similar way 
Formaldehyde fixes cytoplasm and nudesr sap but hardens 
tissues unduly, prm-ents paraffin from penetrating easfly makes 
c>'topIasm baaphii (so that sad dyes do not work well) and fixes 
definitive chromosomes poorfy Picnc sad compensates for most of 
these defects. It 1cm es tissues soft, coagulates cytoplasm in such a 
way that it readily admits paraffin makes rt strong!) aadophih 
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and fixes chroinosomcs rather wcIL It has, hcmwer, two senous 
defects it shrinks mjues badly and makes chromatm ladophik 
Acetic aad compensates for both these defects. 

Unfortunately the good qualities of primary fixatives cannot 
always be combined m mixtures. Potassium dicbromate tends to 
stabdixe the cytoplasm and nuclear sap in a homogeneous stitc, 
but dissolves and disperses chromatin acetic sad fixes chromatm 
but does not fix cjlcplasm or nudear sap The attempt was 
naturally made to let each compensate for the defects of the other 
Yet Tellyesmczky s fluid ^ did not and could not achieve its 
objects, because the aadificaoon of the chrome anions causes 
them to act as though chromium tnoxidc had been dissolved 
instead of potassium dichromatc, and this is a strongly coagulatrvc 
fixative that does not stabOixc cytoplasm or nudear sap as a 
homogeneous gek 

In deading which primary fixatives to mix, it is important to 
take mto account not only thar obnous mutual compatibflitics and 
mcorapatibflities but also their more subtle influences on one 
another's properties. Thus anyone who indudes mercunc chlonde 
m a mixture should remember that ila coagulatnT power and the 
solubility of Its coagulates are affected by acidification (p 5a) 

The effect of so-called mdiffcrent salts must also be con 
sidered. Sodium chlonde, as we have seen (p 54) can dissolve 
protein coagulates produced by mercunc chlonde, m certain 
arcamstances. Ammomura sulphate can transform feme sulphate, 
at certam concentrations, from a non-coagulant to a coagulant 
fixative (p 85) Indifferent nhs can be very useful ingredients of 
muctures, but it is unlikdy th«t they improve any fixative that 
contains acetic aad at 5% or thereabouts. 

All the fixative ingredients of an ideal mixture would penetrate 
at the same speed. Tlus could be achieved by adjustment of their 
concentrations. It does not appear that any inventor of a fixative 
mixture has taken this mto consideration A section through a 
large piece of tissue often gives uimustakeablc evidence that one 
mgrcdient reached the centre at fixative concentration m advance 
of the others, WTien a small piece of tissue u us ed the onevenness 
due to this cause is mmimired. TTic argument presented in detail 

onp fiqtpphcshere WTien a piece of tissue has been placed m the 

fixative mixture, each ingredient nniat be supposed instantly to 
reach the opposite side of it from that at whitA it started, at ^ 
fimtcsimal concentration from then onwards it will help to build 
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Up the conccntniticm there faster than it Tvould have been built up 
if the fixative had come from one aide only It followi that 
•hhemgh perfectly even fixahon by aH the ingredients at the same 
time could only be achieved if they all bad the same K value, 
yet the smaller the piece of toBue, the more even the fixation 
will be 




part two 

dyeing 




CHAPTER 8 


Introduction to the Chemical 
Composition oj Djes 


The constituent parts of and of intercellular material are 
usually transparent and coiourless, and therefore not distinguish 
able from one another unless there arc appreciable differences of 
refractive mdex It was Leeuwenhoek (1719) *** who 6rtt used a 
colouring agent m an attempt to overcome t^ difficulty He was 
studying mammahan muscle and tried the effect of an alcoholic 
solution of saffrorL*® Hit experiment was not very successful and 
others w ere slow to follow his example Iodine was used from tune 
to time for the same purpose, but during a very long penod cells 
and tiasues were commo^y exammed m their natural, transparent 
state During the decade 1848-1858 the use of colouring agents in 
microtechnique was repeate^y redis co v er ed •* and from that tune 
to the present day enormous use has been made of trtfficmlly 
coloured preparations. 

The colouring agents used m microtechnique arc of diverse 
kinds but the raijonty of them arc dyes. It will be best to consider 
carefully what dyes are, before discussing the other lands of 
colouring agents that can be used (p 396) 

If a porous body such as a sponge, be placed m a vessel con 
taming a solution of a coloured substance, some of the coloured 
substance will be imbibed by the porous body and if the latter be 
lifted out of the sohition, will be removed with it. There are now 
two possibilities about the solution that remams m the vessel. 
Either the coloured substance is at the same concentration as rt waa 
before the porous body was put m it, or else the concentrauon has 
been reduced (that is to say the solution has been to some extent 
exhausted') If exhaustion has oamrred the porous body haa 
clearly shown a special affinity for the colou^ substance m 
preference to the solvent It is characteristic of the process of dye- 
ing that this special affinity exists, and mdecd m the commercial 
155 
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dyeing of textiles (though not m microtechnique), exhaustion is 
often nearly complete. 

If then a substance acts as a djx, t^vo problems present them- 
8cl\es why is rt coloured and why is there an afHruty between rt 
and the object that it dyes? The present chapter is concerned with 
the first of these problems, the second will be considered m 
chapter 10 

All dyes, in the stnet sense of the word are organic compounds. 
It 13 a remarkable fact that \ciy few aliphatic substances are 
coloured Aromatic substances, on the contrary have a tendency 
to absorb electro-magnetic wax'cs. \Micne\ cr we can wnte two or 
more equally good structural formulae for a particular substance, 
it is supposed that there is a possibflity of rapid change in the 
configuration of the molecule between the \Tincms possible states, 
and this change or raonance in\ol9cs the absorption of electro- 
magnetic wa\es. 

0 0' (D 

AUfrwattt ftructvral formuJoe for b ra r m 

If our eyes were senaiti\c m the ultra Molct, benxene would 
appear coloured for rt has an absorption band at wave-length 
256 m/i and other aromatic compounds have absorption bands at 
vanous wave-lengths m the ultra violet. There is a tendency for 
resonance to be transmitted through a path of alternate double and 
smgle \’alency bonds Indeed aromatic compounds tend to absorb 
electro-magnetic waves at particular wa\‘e lengths just b ecau se 
there is this alternation of bonds Annatto (bran), a plant product 
used in the colounng of butter and cheese, is of particular mterest 
m this connexion, for it is one of the rare ahphatic compounds 
that are strongly coloured and its long mol«ulc presents that 
alternation of double and smgle bonds that is so characteristic of 
aromatic substances. 

As a general rule, the alternation of bonds does not in itself 
shake up the molecule suffiacntly to extend the absorption bands 
mto the visible region and thus produce colour Any configuration 
of die molecule that pushes the absorption bands downwards into 
longer wave-lengths is said to be bffthochrormc, and certam par 
ticular configurations arc so effective in this respect that their 
presence a always associated with colour One of these is the 
quinonoid arrangement Qumone itself (parabenxoquinonc) is 
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coloured (ycllaw) but it U chiefly when a qulnonoid nng is intro- 
duced into more complicated compounds that bnlliant colours arc 
produced Smee the paraquinonoid nng confers the propert) of 
colour it IS called a eltromophorf or colour bearer It occurs in 
many dyes that are important in microtechmquc Other dyes oi^c 
their colour to other chromophorct, which vail be mentioned in 
chapter 9 

O 



rarabtM t otpnnom 

Quinonc Itself has no tendency to be c:thau>ted from its soh ent 
by attaching itself to a textile or to the substance of a microscopical 
preparation In general, substances that have this tendency lonixc 
m aqueous solution and quinono docs not A ebromophore by 
Itself, then docs not confer upon a molecule the capacity of acting 



The paro^tmmeJ mg 

as a dy*c. An lonudng group is required as well Those lonizmg 
groups that transform substances that arc merely coloured into 
dyes arc called auxochromn As their name suggests, they ha\-c a 
tendency to increase the intensity of the colour often very 
markedly and it is sometimes conicnient to think of the auxth 
chrxmophone in dyes, m order not to distinguish too sharply 

between the dTccts of chromophorc and auxochrorae. 

One of the commonest ouxochromes m dyes u the group -NII^ 

Nil, 

0 

and It IS because aniline contains thu group that it is of such partic 
lar importance m dyx-chcmistry 

To make a dye it is only necessary to combine a molecule that 
can spring mto a chroraophonc configuration with another that 
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contain* an aiixochrome. We may start \vith two colourless sub- 
stances and produce a dye in a single process A very easy one to 
make is the dye known commercially a pcrarosamlntf (The^xjra 
m this name has no connexion with the chemical usage of the 
NH, NH, 

0 0 

AaiUnt AnUiM 

cn, 

PeratottaSM 

prefix. It means that the dye is a modified form of another dye 
with the commercial name of rosandine.) Practical instructions 
ore given on p 321 It is only necessary to bring together some 
anfime and paratoluidinc and to heat them m the presence of 
chloride and a suitable oxtdixing agent The quinonoid chromo- 
phore then appears, and the -NH* groups arc already present to 
act as auxochromes. 



+ 

PtjrartjuJehmt 


Pararosanilmc is a solid magenta substance, soluble in water 
and alcohol 

In this book attention will be directed to qumonoid chromo- 
phorc* by the drawing m of double bonds m qumonoid rings but 
aryl rings will be r ep re se nted by a simple hexagons. 

It will be noticed that one of the three rmgs — the qumonoid one 
— has been shown with a positive charge on the nitrogen itom 0 
charge balanced by the negative charge on the chloride ion It 
must not be supposed, however that the position of this charge is 
constimt. On the contrary, it changes continually It may be 
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flfitoaated with an) of the three nitrogen atoms, or wth the central 
carbon atom and indeed there are other possible positions It 0 
the resonance between the particular positions that ore awHablc 
in a molecule that determmea the colour This fact will be strik 



Pertnunahne rnmther monmtt p«s\licn 

Ingly illuitrated below by reference to a related d)e crj’stal 
vtolrt(p 1683 

It IS accurate to regard the positive charge os belonging to the 
ion as a whole, and therefore to wnlc the forroub m the way 
»ho^’nIhere. 



r^mtanihmf mmoikfr f0rm9/a 


This kind of sjtnbol will nevertheless not be used m this book 
because it is conimicnt to dran specuJ attention to the chromo- 
phorc. The reader should remember that the formube that will 
be used represent as it were instantaneous photographs of the 
d) e ion I fc may dcadc to work out for himself the changes in the 
position of the electric charge mvohed in the process of resonance 
The colour of the d>e u vef> slight!) changed if instead of 
taking two molecules of aniline and one of paratoluidine t\c take 
one of aniline one of orihotoluidine and one of pantoluidine 
The dre formed from these con*iitucnts u called roiamlmf It w ill 
he noticed that it dtlTen from pararouniline onl) in the possession 
of the methyl group introduced with cnhotoluidmc 
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The methyl gnnip affects the colour, for rosanilme is a very 
slightly bluer magenta than pararosamhne. Side-group* such ta 
this arc called modjjiers 

The familiar dye called baac fuchsnu is a mixture of pararotani 
Ime mth rosanilme some ^>ectmen8 contam another related dye 
a* well Smee pararosamlme is the aimplcat of the tnarylmcthane 
d)'c». It could with advantage have used as a type m the 
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etpenment* described later m this book (p 314), but v^hercas one 
must make porarosanilme for oneself bare fuchsme is readily 
availible in commerce and for this reason it has been chosen 
instead. Almost exactly the same results vtmild be obtained if 
pararosanihne had been used- 

Magfnta is another name for bare fuchsme. Mere inspection of 
the solution suggests that rt transmits much red light and some 
blue, but absorbs light of intermediate wave-length For accurste 
comparison of the colours of d)es it u nece ssa ry to obtain figure* 
that win show the transmtssion or absorption at vanous wave 
length* This 11 done b) use of a apcctrophotometer Light of 
known wave length is shone through a solutitm of the dye con 
tamed in a fiat sided vessel of uniform thickness, and the mtensity 
of the light that come* through is measured by means of a photo- 
dectnc cdL A meEsuremcni can also be made wrth exactly the 
same apparatus and the same solvent (water for instance), m the 
absence of the dye The amount of light that comes through when 
the dye u present with the solvent can then be expressed as t 
percentage of the amount that comes through when it is not This 
percentage 1* known as the trwwmssion at the particular wav^ 
length used- It is usual to find the transnussion at 10 mtcrvals 
throughout the visible spectrum A curve like that shown m fig 17 
IS then obtained It a generally best to dissolve the dye at a con- 
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nc. 17 Oriph •S' « ne 'Sc •jc*" 'hroufh ■ U>(t i rm 

tWckofluticfu h me owftJ •To«>u* ThefoU^mR ihhfCMjuno* 
*rt ukJ in ihi inil uS'Cii«cn« ficurw — r »>olrt t Wuc / trccni i 
^rlla» « ©twee r rtd. 

Since the ncto c pn>pcrt) of the dj'c u to ab»orb not to Irjnim. 
^•Sht, It ts for konic purpose* dcurablc to expren nt absorptive 
capaaty a* the rcCTprocal of the tnmtmmjon fonnitoncc inr-aj 
of •aying that the tranuniwon at a particular wave length a. ’ 
of the incident hpbt. we ma) turn the fraction upildc dem-' -r 
tue the number 5 to represent the obsorptioa. A curve v 
ciprocal* for the same soluaon of basic fuchtinc at befe*^ ^ 

m fig 18 Altcmam-cly one may use the logamhc* of 

aprocals Such loganthms are cafled densities Ti=F , 

expression is particularly useful with hgbt £hax ^ Ttic- 

IcnowB the density of each atanjr^ravc lengthy g ts 




no Gnpb ■bomnc tbe r c q^troca li of the tnrtxmusioa of hcht 
throogfa « uyer i cxa chick of biuc fochuDe 0*00062 -o jujueoia.** 


moiJy used but in fact one seldom mate* practica] use of the 
ease of addition of dentrtics, if one s mam mtemt 11 m the uae of 
dye* m microtechnique and tnmsmiasion grve* a much more 
direct rtatement of what is actuaify the nnportant pomt when one 
looks through the microscope — the colour of the dye. 

Any change m structure that destroys the qumonoid linkage 
results m the loss of colour Many dyes can be changed to colour- 
less or /euco-compounds by the action of reducing agents such as 
sodium hydrosulphitc (Na^SjO*) The Icuco-rcprescuUUVc of 
paiarosannine may be regarded as a tnaiyl derivative of methane- 
that u to say as methane in which three of the four hydrogen atoms 
have been replaced by aryl rings. (An aryl rmg is etber a simple 
phenyl nng or else a phenyl nng with a special group or groups (in 
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tht» CMC -NIIj) rcpUcing hj-drogcn in one or more places,) D}’cs 
that tre related to a Icucobate of thii kind ore called tnar^ Imtbane 
dyft Some of them are of great Importance m microtechnique 



no. 19 Cniph thcmbic iHe optica] (Imuty ofa I cm Uude of bcaic 
fuchunc o ooo6a ^ aqueeux.** 

Another colourle** dcnvative of pararosanihne, b which -OH 
replace* the hydrogen attached to the central carbon atom maybe 
regarded a* a tnaryl dem’am'C of methanol Compound* of thi* 


NH, NH, 



Lftm^ptransaaSmf 

kind arc called leunixua This word ha* unfortunately been 
wrongly applied m recent j-ear* to Schiff** reagent, which u a 
colourlea* derivative of basic fuchame but not a leucobase (p, 308) 
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Pararosanflme mvcs its colour to the cation Dyes that have this 
character arc 'tailed basic dyes Since the anion is commonly 
chlonde, the} may be shortly represented by the formula R'^Cl", 
though other anions (sulphate, nitrate, acetate, or oxalate) arc 
sometimes used instead in basic djes, without mfluenemg the 
colour Man} d}’et, hot\'C\er, owe their colour to the amon Smcc 
sodium IS then usuall} the cadon these aad dyes may be repre- 
sented b} the short formula Na*R~ These d}cs are often closely 
related to basic d}es, but thc} contain one or more aadic auxo- 
chromes, to which the negati\*c charge on the d}cing ion it due. 
Thc auxochrorae is commonly the sulphonic group -SO," 

To com’crt basic fuchsinc (^nrotanilme mixed with rosanilme) 
to Its acadic counterpart thc dye is first treated with concentrated 
fulphunc aad at about 150* C. Water is then added and thc solu 



+ 

Tt>f ondit e9*tmirrpaTt of pmfroxaoBiie 


don neutralired with calcium hydroxide The \’ci} soluble calcium 
sulphonatc of thc d}’e is converted to the sodium salt by the 
addidon of sodium carbonate. Calaum sulphate is preapitated and 
may be filtered off The sodium salt is called aad fuchsine 

It will be nodeed that the d}'cing ion has a balance of two 
ncgndi e charges, which ore equalized by the two sodium 10ns. 

Thc transmission of hght by aad fuchsinc is shown m fig 20 
Comparison with fig 17 (p i6i) will show that basic and aad 
fuchsme absorb light vei} similarl} Although their colour is to 
simflar their ttaining rcacdons are cxtremel} different (Sec 
pp 192 to 196 ) 

The aesthetic desires of nun ha\'c led to the daboradon ot a 
hugevanet} of d}cs capable of impardng almost c% cr} concai’al^ 
colour to tcxdlcs An impression of thc immense number can M 
gamed b} looking through Rowes mvahiable Colour Index 
which gi\ cs the chemical composidon of each Structural formulae 
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for nearly tli the dyes used m imcTotechmquc axe given m Conn $ 
Btologjc^ VFhjch i» produced under the auspice* of a 

commjMion Kt up in the United State* to inspect commcrcia] 
speomena of dye* used in microtechnique and to certify thoec that 
are tuitable for use ra particulir technique*. It includes a 
number of dyes that arc not used m the tcctilc industry The 
book give* the Tv*>*cJength of maxunum absorption of many dye*. 



no ao. Gnpb tbiTirlng ibc transotlMioo oT Eght thrauefa 1 U>ct t cm 
tluck of tod fucfuloc Kx-ootgy /% oqueou*.** 

The use of the full chemical DomcnclMure for dj'c* would be 
intolerably clumsy because tbeir ftivcture 1* uma]ly $0 comph 
cated Arbitrarfly-chosen names arc used instead Sometime* asm 
the case of light green the name is a direct statement of the 
colour of the d)e The colours of the flowers of familiar plants 
gn-c their name* to gentun nolet dahha and fuchsine Eosin as 
rt*name*uggciU,hasacoIourrcmimscentofthedawn Sometimes 
a certam amount of chemical infornubon is com eyed by a name, 
a* for instance by naphlhol ycUofw which i» m fact naphthol unth 
\anous side-group*. In *0010 cases, howc^Tr name* that appear 
to be partly chemical are m fact misleading Thus mcth}l blue 
contains no mcth)l group and mcthjicne blue no methylene 
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group, and azo-carmine is not an axo dye and is not related to 
carmine. Some dyes have mrniea of fantastic, almost surrealist 
ongm It was discovered that a particiilar dye was espeaally con 
vcnicnt for the colouring of cottom In the same year the European 
powers recognized the cnstcncc of the Congo Free State These 
unconnected events led to the dye being called Congo red 
Despite all that can be said about the lack of consistency m the 
naming of dyes, the fact remains that the words used are much 
more easily remembered than the numbers and stnngs of inmal 
letters that are so often used nowadays m industry for purpose* of 
this kind, without any thought for those who ha\'e to try to hold 
m mind which symbol refers to which object 
The names of many dj’cs arc follmved by letters or numbers. 
These generally serve to distinguish closely related d}'cs. Thus 
B usually means that the dye u more blucish than a related 
dye, and Y* or 'G that it is yellower WS conveys that it ts 

water soluble, while a ndated dye is not The letters A, B, C are 
sometimes used as arbitmrfly-^osen marks of distmction (for 
instance, with the azures p 268) 

Although dyeing has been and is of such immense service to 
biology, the number of dye* that are really useful m microtech 
mque is not very great There has been a tendency to try new dye* 
from mere whim and desire for no^-elty, and the introduction of 
many superfluous ones has been recorded from reape-book to 
reape bwk as though it we r e the fruit of wisdom Dabbimg with 
dyes by peiBons ignorant of the chemistry of what they are domg 
has no counterpart in the rest of science and mdeed cannot be 
regarded as a saentific activity The stneture on this subject 
reproduced on p 187 is as appbcable today as when it was dc 
bvered by Gustav Mann more than half a century ago More so, 
perhaps for it would be a sobenng experience to many present 
day dabblers to note the real erudition brought to the subject by 
such men as Ehrlich and Paul Mayer nght back m the runeteenth 
century The person who can show a particular dye to be super 
fluous m microtechnique usually deserves better of his collesguc* 
than he who mtroduccs a new one. 

Dyes are classified by thar chromophorct, but the auxochromes 
and modifiers occur over and over sgam m dye* of dilTercnt groups. 
It 15 proper to consider these first, for what can be said about them 
IS of more general appbeadon than what can be said about 
chromophore*. 
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^Vilh a few exception* that wiU be mentioned later (p 262) all 

+ 

dyea axe bane or aadic. The fuadamentid basic group is 'NH^ 
usual aadic group is -SO,"* and many aad dye* are substi 
tuted sodium sulphonatc* A aulpbomc aad may be regarded a* 
sulphunc aad that baa loet an oi^gen and a hydrogen atom and 
replaced them with an organic radicle (R) 

H -CK /O -Ov /O Nm* ~(\ /O 

-(K H> R 

SkifiAmne *ad Sidfimne aai Stdpfcamta 


Other aadic auxochromea are the carboxyl 



hydroxyl (“OH) groups lonixed to produce negative charge* 



and -O') Many dyes poasesa hydroxyl a* well as sul 


phonate groupa, and a few (such as fast aod violet AaR) possess 
both carboxyl and aolphonate groups. Some dye* have banc 
and aodic auxochromea. The acxbc counterpart of pararoaanilme 
+ 

(p 164), for instance, has both -NH* and -SOj" but the negative 
charges predominate in number 

In the textile industry it is usual to restrict the name of aad 
dye* to those particular aad dyes m the wide sense, that tviQ dye 
wool only f rom a strongly aad bath, will not dye cotton directly 
and are not used with mterrardane* or mordants (p 207) to 
attadi them to the fibre. Venkataraman m his invaluable text 
book •“ adopts this nomendature. It is desirable, however, to 
have a tingle name for all dyes In which the dyeing ion bears a 
negative charge, and the term aad dyes will be used m thia book 
to cover all ludi dyes 

A variety of different atoms and groups of atoms may replace 
hydrogen atoms attached to the aryl and other nogs of dyes Thus 
eosm Y contains four bromuie atoms, and crythrosme B has 
exactly the same composition except that iodine replaces bromine 
These atoms arc held by covalent bnkages, and there is no question 
of the formation of bromide or iodide. The particular atom or 
group of atoms attached m this way often affects the colour The 
iodine of erythreame B shifts the abrorption maximum someu hat 
towards the longer wave-lengths, and the d}*c is therefore bluer 
(lc»* red) than eosm. 
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The hydrogens of the ammo-groups are often replaced by 
methyl, ethyl, and phenyl groups These particular modifieTs tend 
to make a red or reddish dye blueiah or blue. There arc six such 
hydrogen atoms m pararosanflme. As more and more of these are 
replaced by methyl (m the vanous dyes that together constitute 
the mixtures called methyl and gentian violet) so the colour 
becomes bluer and bluer until the heia methyl compound, crystal 
violet, is reached, this is a very blueish Molet dye Ethyl groups 
have more bluemg effect than methyl, and phenyl groups s^ 
more, till dyes are reached that arc purely blue. 


Crystal violet, an important dye for chromosomes, will serve to 
show the influence of resonance on colour When a solution of the 
dye IS aadified, a proton is added to one of the three dimethyl 


+ 

HN(CH,), N(CH,), 



+ 


Aci£fied crytUd vioUt 


N(CH0, 




N(CH»), a- 

+ 

MalacJdtM grtn 


ammo groups, and this now no longer participates m the resonance 
of the ion TTie resonance is thus limited to that of the related dye, 
malachite green and m cor r e sp ondence with this, the colour 
changes from blue-violet to green 

The more central part of a dye ion also affects colour If two 
benxene rmgs arc put together to form naphthalene, there is more 
absorption of ele ctr o- magnetic waves than by two separate 
benxene rmgs, and the same pnnaple applies agam when a third 
rmg 18 added to form anthracene. Many dyes have t double-nng 
component, and a whole group of dyes is based on anthracene 
(P 175) 
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m a skcletoii formula, because it is ftomttimea para and sometune* 
ortboquujonoid. 



Baemateai 



AKtkraqtamnotd 

cca 

I 

XasUttM 

COO 

Aaum aitd rtlaied iyts 


Shelfton forwadat iJt* mam groupt cf qumtyttoid ijia 


The foUcrwing table fihcrws the classificatory pcamon* of the 
qiiinonoid dyes mentioned m thia book. The dyes named m heavy 
type are the ones that are parttoUarly important m microtechnique. 
The table is mtended for reference. 


TRIARTLMETHANB ^7^ 

Basic Basic fachaine (pararosanilinc with ros- 
anilmc) methyl violet, gentian wolct, 
crystal violet, malachite green, dahlia, 
methyl green, aniline blue (spint 
soluble) 

Acid. Acid fuchtme, methyl blue, aniline blue 
WS, light green 

HAEMATEIN *7^ 

Acid Haemateln 

ANTHRAQDINONOID ^75 

Aad. Ahxarmc, alizaxine red S purpunne, 
Kemechtrot, carminlc acid 
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XANTDENC 178 

Bcnc Pyronlne G 

Acid, Eo*m T, crvthrotine B pUaune, fa5t aad 
violet AiR 

AtiNE AKD RELATED DYEB (quuionc tminc dyc*) 179 

Oxazme 180 

Basic Bnllujit crciyl blue, NUe blue A, 
gnllamme blue, coeJestino bine, 
gallocymunc. (The three Uft- 
nained arc partly acidic,) 

180 

Thiomne, ozurc C azure A, azure 
B, methylene blue, new methyl 
cne bhie, methylene green tolu 
Idlne blue 

Aztne 181 

Baste Neutral red, caframne 0 mauveme, 
amethytt violet, Janiu green B 
(contains an azo chromophore) 

Aad Atocarttune G mdulme (nigrosme) 

THE TRIARTLMETHANE DYEB 

The basic tnarylmethime dye*, lie basic dyes m general, are 
used for colouring chromatin. Crystal violet is cne of the best 
dyes for chromosomes (p 025) Methyl green is particularly 
\’aluable in mncturcs with die basic xanthenc dye, pyromne G 
because it is powble to arrange the proportions in such a way that 
DNA a coloured green (or blue), and RNA red (p 230), Dahlia a 
a useful vital dye for various cytoplasmic mchioiono. 

Basic fuchsine con be converted by sulphurous sad to s colour- 
leat substance that becomes coloured m the presence of aldehydes. 
This forms the boois of certain important histochcmical tests 
(P 3 ° 8 ) 

Aad fuchsine a one of the best dyes for mhodiondaa (p 241) 
and It can also be used for the differential colouring of collagen 
though other aad dyes of the oome group— methyl blue, anihnc 


Thlazlne 

Basic 
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blue WS, and light green — ore preferable for this purpose. Aad 
fuchfine and light green are also available as background dyes. 

IIAEMATEIN 

This single aad dye has no relative that is commonly u*cd m 
microtechnique, but it is so important that rather a full description 
IS necessary Indeed, rt is probably the most useful of all dyes m 
microtechnique. It is used with mtermedianes (mordants) between 
rt and the tissues (p 207) The importance of hacmatem derives 
from the vanety of different objects that can be dyed by rt, the 
ease with which dyeing can be controlled, the insolubility of the 
colour m neutral aqueous and alcoholic media after dyeing ind 
the possibility of obtaining a jet bbek that is permanent m Csnidi 
baham (such a black bemg very convenient m photomicrography) 
Hamatoxylon campHJnamm Linn, is a srnall, spreading tree 
with crooktti brunches (fig ai, a), thorny when young aod ^ 
markable for the gnarled appearance of the stem of old speomens 
(fig at, c) The item attains a arcumfertnet of about two feet It 
IS a leguimnous plant belonging with the tamarind to the group 
Caeaalpiniaccae, in which the sepals are nearly or qurtc separate, 
instead of being fused as in the pea and its relam es. The pods and 
heart shaped leaflets ore shown m fig ai, B For a fuller botanical 
description see Bentley and Tnmcn 

The sap-wood is wlute, but the heart wood red The latter a 

what Campeachy s disputable shore 
Copious affords to tinge the thinty web ” 

(From Dyeri Fiftte quoted by Bancroft.*’) 

The dyeing property of the heart wood was known to the natives 
of Campeche before the amval of Europeans. The Spaniards 
brought the wood to Europe soon after the discovery of America 
It seems to have been brought to England early in the reign of 
Queen Elrrabcth. Strangely enough, the dye was thought to ftde 
and a law prohibiting its use under severe penalties, was m force 
for nearly a century Its virtues were eventually rccogmaed* 

however and thetree was mtroduced m 1715 mto Jamaica, whercit 

is still cultivated at the present day for haeroatein itiU survives the 
severe competition of modem synthetic products m the dyeing of 
black on silk, leather and nylon Extracts of logwood were 
firit used m microtechnique in the eighteen forties.** 
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The tree is commonly felled at the age of about ten yeari The 
bark and gap- wood are chipped off and the heart wood exported as 
logwood' m pieces three feet long These logs are reduced to 
chips for the extraction of the substance, haemaioxylai^ from which 
the dye onginatcs. Haematoxyhn itself is a colourlcsi sohd, but if 


HO 



HmmaUtM 


damp becomes oxidixed by atmospheric oxygen to the reddish 
dye, hatmoiexn It is partial oxidatioa that givxs colour to logwood 
Products m which various proportion* of the parent substance 
have been oxidized to the dye are available for use m the textile 
industry The biological significance of the presence of haema 
toxylm in the wood is unknown. 

TTie second « m the word haematem (four syllables) da 
tmguishes this dye from an entirely imrtlated coloured substance, 
hamattn^ the non protem component of haemoglobin The word 
hcmatine is used in the textile industry for partly or wholly 
oxidixed haematoxyhn ^ 

Hscmatoxylm u the leuco-countcrpart of haematem The ring 
represented m the formula as qumonoid m hscraatein is non 
qumonoid in haematoxyhn The oxygen attached to the nng that 
is shown as qumonoid in haematem is replaced by -OH in haema 
toxyhn. The carbon atom attached by a double bond to the upper 
end of this nng m haematem has one valency free m hacmatoxjim 
and this is satisfied by hydrogen- In all other respects the formulae 
for the two substances are the same. Haemaloiyhn aystalltics 
With three molecule* of water 

Many different ways of oxidizing haematoxyhn m the laboraloiy 
^i^vebecn suggested Sodium lodate is as convenient 

oxidixcr as any It requires O'iSy g of this to oxiduc i g of 
hacTTutoxylin crystals fully *** 

One might think it best always to buy hacmatan and make one s 
Mlutjons from this, but m fact haematem solutions lose their 
*^tength rather quickly by flocculation of the products of further 
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oxidation and it is therefore generally best to ba>e some haem* 
toxylm present m addition to the haematcin to replenish the dye 
gradually through oxidation by atmosphenc oxygen. Solutions of 
haematoxyhn are often atlow'ed to npen gradually Long ago 
Unna used to stabilize his soIuQons after a time by the addmra 
of sulphur, ^vhich was presumably changed m part to hydrogen 
sulphide and thus acted as a reduemg agent when he wanted a 
strong haeraatem solution he fully oxidized a part of the stabflued 
solution A simpler plan is to oxidize a haematoxyhn solution only 
partly by the use of less sodium lodate than would be necessaiy 
for full oxidation One half or one quarter of the full amount of 
the oxidizer is suitable The solution is ready for use directly it has 
been made up and roamtains its strength for a long time by gradual 
npenmg of the part of the haematoxyhn that was not oiidired by 
lodatc. It IS desirable to start with wholly unondized (white) 
haematoxylin 

The products of further oxidation diffuse more slowly mto 
Uasuea than haeraatem work less well with mordanu and tend to 
precipitate,^** It is doubtful whether definite stages of further 
oxidation can be distinguished and such terms as Tnoxy-- 
hSmaietn are not acceptable without more endoice than wc 
possess. 

If one makes a sunplc aqueous solution of haematein, one has 
an aad dye of a dirty reddi^ colour It will be guessed from the 
chemical formula that this substance is in fact of weakly tadic 
nature, like the related substance, catechol Most and dyes, as we 

HO 

"”0 

CaJeckol 

have seen are salts, usually of sodium but m hacmatoxylm and a 
few others (carmmic aad and picne tad among them) the metal is 
replaced by hydrogen For clear contrast with other colours one 
requires a dye with rather a narrow absorption band, and there arc 
so many suitable red aad dyes that hacmatem is never used m this 
form. 

As we shall see (p 193) certain tad dyes become basic when 
rather strongly aadified but here agam haematcin is useless, for t 
different reason At the pH at which it becomes a basic dye, it 
18 orange, and for reasons that will be mentioned (p 229) ^ 
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•cldom u*c ycDowuh bacc dyet m microtecbnique. Thus haema 
tern 15 not used alone. In conjunction with mordants, however it 
give* the blue, bhie-black, and black coloration* that make it pre 
eminent among the dye* used m microtechnique. This tubjcct of 
mordants, however, i* so complex that a separate chapter must be 
devoted to it (p aoy) 

THE ANTHRAQOlNONOID DTEfl 

The simplest dye m this group is aliranne, the chief coloured 
conftrtuent of madder Thi* plant product ha* been used for dye- 
ing nnee onaent times, especialiy m the production of Turkey 
red The synthesis of alixarme m the laboratoiy m 1869 gradually 
put an end to the cultivation of the plant and led to the synthesis 
of a number of related comptmnds, some of which arc important 
m the textile mdustry TTie 124 tribydroxy-compoimd is 
purpuntu, which occurs also m madder Alaanne is too insoluble 


O 
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for convement use m microtechnique, but purpunne, though only 
sparingly soluble m water and alcohol, is used in histochenucal 
tests for calaum Kcrruchlrot or calcium red’ is an anthra 
quinonoid dye (or mixture of dye*) of unstated corapositioD 
soluble at about ©'25% m water it can convciuently be used for 
the same purpose.^* A soluble sodium sulphonate, altxanne red S 
can be made horn alixanne almost exactly a* sad fuchsme is made 
fr om basic fuchsme it is used for staining chromatin with a 
mordant, in Benda s •*’ “ method for mitochondria. 

Of far more general use m biology than any of these a axrmmc 
aad a dye of quite speaal mterest for several reasons. It is more 
protean than any other colouring agent for it can be used as a 
direct basic dye, is of great value as an aad dye used with a mor 
dant, and u also capable of being taken up directly as an aad d}'e 
and afterwards changed m the tissue* to a basic one. The mor 
danted dye 1* excellent for chromatin remarkably permanent in 
Canada balsam, and particularly suited to the colouring of whole 
mounts. 
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Carmimc aad 1* the only dye used in microtechnique that is of 
animal ongin. It is obtained from the scale insect, Dactylopms 
cacti The f^emalc of this ontmal is ^^ngIc 88 and hves on the succu 
lent plant, Nopalea cocanelhfera (fig 22), a native of Central 
Amcnca, Like other scale insects, she prixluces a whitish waxy 
material from the surface of her body * The male is wnged and 
contains only a httlc of the colounng matter, but the latter is so 
abundant m the females that it constitutes about 10% of ihar 
dry weight*” TTie Central Amcncan Indians cultmited the 
ammals for the sake of the dye from remote times. The plant on 
which It hves is nowadays grotvn m the Canary Islands, North 
Africa, and elsci\hcre as food for the insect T^e dje has never 
been sj’nthesizcd It is less used in the textile industry than form 
crly, on account of the competition of tynthctic products, but it ts 
still used for uniforms and hunting pmk 

On opemng the body-cavity of the fresh female, it can at once 
be seen that the colour is m the lobulatcd fat body A red pig 
ment is contained in globules situated near the penpbexy of the 
cells. These globules gi\e reactions to metals that are charactcnstic 
of carminic aad The male has as much fat body as the female, but 
there are only a few red globule* scattered here and there in rt. The 
yolk of the npe egg also contains red droplets and the colour is 
earned over mlo the embryo and then dc\elopi anew m the fat 
body No other part of the animal contains the d)*c. The contents of 
the alimentary canal arc not red It is clear that the aiuroal syn 
thestres the substance but for what purpose is not known (con 
ccivably to neutralize some poisonous constituent of the sap of the 
plant which forms its only food) 

The dned females constitute ajchmcal To extract carmmic 
aad from this, the material is powdered and boded in water and 
the fluid then filtered On the addition of lead acetate, a dark 
red violet preapitatc is formed This is the lead salt of the dye. It 
IS dned and grmmd up with strong cthanoL On the addition of 
concentrated sulphunc aad lead sulphate is formed and camuiuc 
aad dissolves m the alcohol The yellowish red solution is evapor 
ated at a moderate temperature. (Heat alters camiinic aad. It bc- 
becomea amorphous and eventually insoluble m alcohol ) The 
matenal is purified by repeated extraction with benzene or other 
suitable solvents of contaminating substance*, and finally allowed 
to crystallize slowly from ethanol The pure aad consiste of red, 
prismatic crystals. 
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Carraimc aad ib a complex subitance. It was shown long ago 
that treatment with hot 50% sulphunc aad sphts off a side group 
contHuung six carbon atoms, that subsequent heating to 170 C in 
a mixture of sulphunc aad with one-third its volume of water 
sphts off a carboxyl group and that a methyl tnoiyanthraqmnone 
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ifl left The SIX carbon side-group is a methyl pentose sugar which, 
when free, has the formula CHj This is an amorphous, 

bitter sweet, honey coloured substance. It is claimed that carmmic 
aad should not be regarded os a glucoside, because the Unhage 
of the sugar with the anthraqmnoac is through a carbon atom of the 
sugar not on ox^’gen atom 

A crude form of carmimc aad is often obtained b> extracting 
cochineal with water and preapitoting with alum TTie product 
canmne contains only about 56% of carmimc aad with a high 
proportion of protem also some aluininmm and calaumcombmed 
with a part of the carmintc aad, and other substance* m smaller 
amounts.*** Carmine has the ad\‘anuge of bang considerablj 
cheaper than pure carmimc aad The impunties render it almost 
insoluble m distilled water It is suitable for use m ordinary 
nucrotcchmque, but should not be used when one wants to know 
exactly what one is doing 

Alcohohe solutions of cochineal were used m the study of plant 
stems so early as 1770*** and b few years later Baron Non 
Glcichcn was feeding abates on carmine m an mNTStitration 
of ihar method of nutrition Carmine was first used as a dje in 
microtechnique m 1849 by Goeppert and Cohn *** In the 
following years its use was repeatcdlj red:5Co^■ercd and the 
general recognition of the vahie of d)ang in biological micro- 
technique was due to researches made wth this substance ” 

Pure carmimc aad Nvas first used m microtechnique in 1SS4 *•* 
hut It Nras Mayer*” who ga\c it populanty by iniroduang some 
excellent d)T mixtures containing iL 
Carmimc aad is soluble in Ixnh water and ethanol It is a fairlv 
strong aad capable of setting free carbon dioxide from marble 
XI 
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It forms bluash red or violet salts with metals The salts with the 
heavy metals arc insoluble, but those with the alkah metals arc 
readily soluble and indeed carmine itself is soluble m solutions of 
borax or ammonia. 

The use of carmimc tad (or carmme) as a basic dye, and as an 
aad dye converted m the tissues to a basic one, is desenbed on 
p 193 For Its use with mordants, sec chapter ii (p 207) 


THE XANTflENE DYES 

These are to be regarded os dcnvatives of xanthene, which 
Itself oasts m the form of colourless leaflets. A few dyes related to 
this substance occur m nature, including a yellow one extracted in 


(XO 

H, 

Xamhem 

India from the unne of cows that have fed on mango leaves, but 
the xanthene dyes m the stnet sense arc synthetic products. A para 
qmnonoid nag gives colour, an oxyg en atom pastiapata in the 
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linking of two rings The simplest of those that arc useful m raicro- 
tccfamque is the basic dye pyroninc G, which, as has already been 
mentioned (p 171) is us^ with methyl green in histochcmical 
tests designed to distinguish DNA from RNA. 

A far more familiar dye m the laboratory, and mdecd one of the 
best known of all that are used m microtechnique, is eosin Y This 
IS unusual among synthetic aad dyes m not bang a sulphonate. 

The auxochromes, as the formula ahowi, arc -CT and -O" It 


IS used chiefly as a background dye. Its yellowish red colour and 

small capacity to overstam fit It rather well for this function etpea 

ally when blue dyes such as alummium hacniatcm (p 215) 
used for chromatm A special advantage of eosm a that the dye is 
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able to penetrate red blood-corpuscle* and other dose textured 
components of tmuc*. Thu la so despite the large txz£ of the dyemg 
lom The capaaty to penetrate well must be ascribed to the tend- 
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cncy of the ions to remain aeparate instead of aggregating (p 236) 
Eoiin Y can be made to stain red blood-corpusdci most power- 
fully and show them up so vmdly that the course of the capillanca 
can sometime* be tnced as easily as m an mjected speermetu 
Mann • methyl bhie/eosm (die long method) u particulaily wdl 
adapted to this purpose,*** 

Pblonne and erythrosme B are baciground dye* dosdy re- 
semhlmg eostn Y The former has cblonse atoms as as 
bromine erythrosme B 0 exactly the same as eosin Y exc e pt that 
four iodine atoms are substituted for the four bromines. In both 
of these, espeaaliy phloxme, the greatest ahsorpUoo of light is 
shifted tcrwiids the longer wavelength with a resulting bluer (less 
ydlovr) shade. 


AZINE AND RELATED DYES 
{quinone-imin es) 

These dye* xndude some of the most valuable m microtechnique. 
The chromophore is a quinonoid nng associated with a eubitti 
tuted imino-group(HIS=^Theymaybc regarded a* dem-ed from 
qumone untnc by the substitution of an aryl nng for the H of the 
inuno-group and they are therefore sometime* caDed qumone 
imme dyes. In the simplest of these the two rings are connected 


jT' 
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by a tingle Imt only (-N=) The mdophenol dyes which are 
bnefly mentioned on p 288 arc of this nature- In oH the qumone 
imme dye* that are important m microtechnique, however, there 
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18 a second link bet^-een the two nng*, through on atom that may 
be oxygen sulphur, or nitrogen The three groups of dyes arc 
respectively the oxannes, thiazmcs, and annes, 

OzBzines 

The link through ox ^ ' g e n will be noted m the structural formula 
for the basic vital dye, brfllmnt cres)! blue. Among the small 
group of oxa n ne d)ca used m microtechnique, a high proportion 

+ 

Bnilumt eTfS^^ bJ)it 

can be used ^’ltaIly This applies to Nile blue A, which is also used 
m a roundabout way m histochemistry for the distmction between 
certain groups of hpids (p 301) 

Se\TraI of the axaxine dye*, coeJcstine bhie B among them, can 
be used ^xth a mordant (p 215) 

Th£ar£nc» 

In these dyes, se>cnil of xvhich are among the most important 
used m microtechnique, the second part of the link bct^^•ccn the 

Tioomm 

two rings is formed by an atom of sulphur The simplest is thi- 
oninc, a violet dj'c. The thumne dyes used m microtechnique are 
all basic. 

The four hydrogens attached to nitrogen can be replaced by 
methyl groups. One u so replaced m arure C, two m axurc A 
three m arure B all four in methylene bhie (sec p 268) As the 
replacement occurs, so the absorption maximura shifts towards the 
longer wave lengths, and methylene blue is a pure blue dye. 
Toluidmc blue is closely related to azure A 
The thinnnc dyes are useful for stammg chromatin Thar chief 
virtue however is that they have 0 particularly strong tendency 
towards metachroraasy that is to say towards the dyeing of 
different tissue-constituents m different colours. This subject is 
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discussed cIscTTfacre (p 243) It is thar metachronubc property 
that raahe* the»e dj^ so important m the stumng of blood 
corpuscles (p 368) 

Methylene blue is a valuable vital dye (p 387) 

Azines 

The stnicturaJ formulae for all the diverse dyes that have been 
mentioned so far can be wntten down so as to include a para 
quinonoid rmg and this has been done. In some djes, however 
there may m fact be rcsoounce between the paraquinoooid and 
orthoquinonoid configurations, sjid for the annc dj’cs it becomes 



SMeton-fcnmiia for asntt 

nece ssa ry to write orthoquinonoid formulae. In this group an 
inuno-nrtrogen once more forms one of the hnts between two 
rings, but, in contrast to the oxazioes and thiozines, the second 
link a also formed by a nitrogen atom TTie skeleton formula shmvn 
here is satisfactory for most of the onne dytt. Most of the ones 
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used m microtechnique are rather complec. The safranines have 
an ary I nng attached to the charged nitrogen atom. Safranine O a 
useful red dye for chromatin consists of the dje shown here mixed 
with another dye differing only m the absence of the methyl 
group from the attached aryl nng 
Two other basic azmci, neutral red and Janus green B are of 
outstanding Importance as nial dyes. The former a dull red nan 
exceptionally innocuous dy e that colours certain lands of globules 
in the cytoplasm It turns yellow on the alkaline side of neutrality 
and one can thus learn something of the acidity or aDtahnity of 
cytoplasmic irKlusimu by using it. Janus green B a \ ery complex 
die that contains also an aro chromophorc has been much used 
in the study of mitochondria (p 393) 
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The only important basic mono-azo dye that is important in 
microtcchmquc is Janus green B, which, smee it contains an azme 
as well as an azochromophore, has already been mentioned (p 181) 

DI8AZO DYES 

Bismarck brown has the distinction of bemg the first sjmthetic 
vital dye that was ever used (p 274) The colour is distinctly 
imusual m microtechmque. For most purposes it is desirable to 
use dyes that have either a rather sharply marked absorption bind, 
so that strong contrasts with other colours can be arranged, or 
else a general absorption throughout the visible spectrum to give 
a black that will contrast with an unstained or Lgh^ stamed back 
ground. Thus browns and yellowish browns are seldom chosen- 
Bismarck brown Y is a basic dye, convement for colouring hpid 
cytoplasmic mclusions during life. 

Trypan blue and its relatives are aad dyes that are used m a 
very special way m a particular kind of vital work (p 276) 

Several coloured disazo compounds that arc not dyes, because 
they do not ionize, are very useful in microtechnique for colouring 
hpids(p 299) 


TRISAZO DTE8 

The only tnsazo dye that has found favour m microtechnique is 
chlorazol black- It is an aad dye with some basic tendency 

THE NITRO DYES 

The third and last main chromophore with which we shall be 
concemed in this book is the nitro-group -NO*. Colour is due to 
resonance between two posable positions of the negative electric 
charge. Nitrobenzene, lie other substances contammg -NO*, is 
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coloured It is a yellow hqmd, but lacks an auxochromc and so a 
not a dye. Trmitrobenzene possesses three chromophorcs but is 
not a dye If phenol be mixed with concentrated mtnc aad how 
ever, a yellow crystalline substance is formed which, because it 
contains both -NOj (three times) and the auxochromc —OH, is a 
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dye. It is tnnitrophenol or picnc aad, the only subitance that i» 
used both as a hxatiYe (p 96) and a dye. It is one of those acid 
dyes tlut are actually tads, like carmuuc aad, for instance. Its 


OH 
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sakt are seldom uted m microtechnique. It is a far stronger aad 
than phenol, and this to some extent militates against its use as a 
backgitTund dye, for which ita pale yellow colour otherwise fits rt 
for rt has a tendency to remove basic dyes. Its aadity, however, is 
not harmful to the action of other aad dyes, and it la useful in 
such mixtures as picro-nigrosine (p 236) 

The only other rntro-dyes that are at all frequently used m 
microtechnique are naphthol yellow and aurantia. The latter a 
the background dye m Kull a method for nxmxhondna- 

Orcein is a dye of considerable interest It has long been used for 
showing clastiQ (p 333) and latterly has come mto favour m tech 
mques for showing chromosomes in smeared preparations It 
cannot be included in the dssnficBtion of dyes, b^use its struc 
tural formula is unknown. 

Smee anaent tunes dyes have been prepared from hchens. The 
modem usage, however dates from the fourteenth century when 
a Florentine merchant began to make them on a large scale. 
RocfUa^ the genus most commonly used m the preparation of 
orcein commemorates the name of his family The lichens of this 
genus, commonly called orchil or archil w eed grow chiefly on 
rocks near the sea shore m the wanner parts of the world. ITiey 
form tufts of bhush-grey or whitish strap-shaped fronds, up to 
6 inches long Several species arc usable ts raw materials for the 
preparation of orcein In Scandinavifl and other cool climates 
another bchen, Lscanora tartarta, replaces Rocella^ and indeed 
many other speaca can be used.*” Lecenora is often called cud 
bear but the famihar names are loosely used 

These vanous lichens contam lecanonc aad which splits to 
produce oranol when the plants arc boiled with water It will 
be noticed that orcinol u resoranol with a methyl group attached 
It crystallizes as colourless, hexagonal pnsms, freely soluble m 
water The substance can also be prepa r ed synthetically ^ 
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In the presence of ammonia and atmospheric oxygen, orcinol 
becomes transformed mto orcem, which preaprtatea Stale nnne 
was formerly used as a source of ammorua, Orcem is sold as a fawn 
coloured powder, soluble m alkalme or alcohobc solution or m 
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acetic aad It is used for dyemg wool and silk directly (that la, 
without the use of mordants) It gives dull magenta shades, but is 
often used with other dyes to give browns,*’® 

The formula for orcem is probably C,8H,4N,Oy, It has been 
suggested that the two mtrogen atoms may form the chroraophorc 
of an azme dye,*® 

Litmus IS produced from the same lichens as orccin by a closely 
similar process, but potassium carbonate is required m addition to 
atmosphenc oxygen and ammonia,**^**® 

The mdigo-dyes arc bnefly mentioned on p 307, the acndine 
dyes on p 310 
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The Direct Attachment oj Dyes 
to Tissues^ 


An insoluble pigment require* the addition of an adhesive if rt 
IS to remain m position when applied to any object A dye is pre- 
sented m solution without the addition of any adhesive it is not 
Itself sticky or obviously adhcau'c yet it adheres. It is the purpo*e 
of this chapter to explain the reason for this. 

It has already b^ mentioned (p 17a) that certain dyes arc 
used with intermedunes between thenu^es and the tissues 
These intermediaries or mordants arc not adhesive m any 
ordinary sense Chapter it (p 307) deals with the use of these 
substances. 

The nature of the process of dyeing has been studied more 
elaborately by the research workers of the textile industry than by 
those who use dyes m nucrotechnique This is due partly to the 
fact that larger funds are cvallable m industry and partly to the 
relative homogeneity of the textile fibres — e sp caally cotton — m 
comparison with the kinds of tissues usually studied by biologists. 
It must be confessed also that the practical dyer hu generally 
adopted a more saentific approach to his work than the hitologjst 
and cytologist. As Mann *** unkindly remarked — 

‘The method of staining once having taken root m the animal 
histologist, grew and grew till to be an histologist became 
practically synonymous with bemg a dyer, with thu difference, 
that the professional dyer knew what he was about, while the 
histologist with few exceptions did not know nor does he to the 
present day 

The realization of this truth ts helpful to the biologist, but it is 
necessary to pomt out another truth that has been overlooked, 
namely that there are many ^•CIy Important differences between 
the djTing of textile fibres and the dyeing of tistues m biological 
187 
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microteclmique. This is true although some of the most important 
textile fibres are those of plant and animal ongin. The chief 
differences are tabulated here. 


Textile dyemg 

Cotton has been espeoally in 
veetig tedf because it is so bonKH 
genecsiB chemically It is extreme- 

peculiar because it is a nega 
tivdy charged object ordinanly 
dyed by aad dyes. 

Whether m particular circum 
stances, a dye is acting at a basic or 
an aad dye may not be known 
(P »09) 

Dyes are generally used at or 
near the boiling point of water 

The dye bath ii usually cx 
hausted or nearly so 

Almost perfect fastness to water 
la generally required 

The fibres — of cellolose or ape 
aal proteina, or synthetic — arc 
non living and unfrtfd 

No differential dyeing at the 
microscopical level IS required and 
there la no process of differential 
extraction of the dye. 

Anionic chromnim is used to 
mordant for aio-dyei other mor 
danta and mordant-^yes are seldom 
used nowadays. 


Dyang tn Tmcntechaque 

The dyeing of cotton is of little 
interest except to those studying 
the cell walls of plants. The bio- 
logist does not ordinarily dye 
negatively charged object! with 
aad dyes. 

A glance down the microscope 
at a dyed preparation usually 
shows whether tnc dye used was 
banc or aad. 

Dyes are usually used at room 
temperature. 

'rte tissue takes up only a 
minute part of the dye m the dye 
bath. 

Fastness to water la unncce*- 
•aiy, as one quickly transfer 
the ustue to some other tnedium 
in which the dye is msoloble. 

TTie objects dyed are genenlly 
cither fix^ or ahve (p 274) 

The whole purpose la differ 
ecUsl djeing at the microscopical 
level It IS often achieved by 
differential extraction- 

iron, aluminium, and canonic 
chromium are used to mordant 
for carmine and oer 

tain oxazmc dyes (see p 207) 


In this book every effort will be made to profit from the valuable 
researches of the textile chenusts, and it is necessary to make 
special acknowledgement of the admirable presentations of this 
subject by Vickerataff “* Bird « and Venkatamman, but the 
object throughout will be to concentrate attention on the use of 
dyes in microtedmique. 


microtcchmque we arc primarily concerned with the electric 
charges on the dye ions and on the objects dyed/ 

The electric charges on dye ions axe mvcstigated by subjecting 
dyc-solutions to the action of an clectnc current Cataphoretic 




Fio 13 Appantu* for c«t»pboretic apenmcnu with T he wii ct 

from « 12 \oIt accumuktor aro marked — and + Mctbjlciw green (■ 
bwc dye) u bemg teated. The current ha» been pamng for 4^ hou^ ror 
full deacnptKin »ec accompanying text and Appendix (p 3*0 

(Phototraph bj Mr P L. 6m*li 
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cxpenments of this sort have been earned out especially by 
Scki,*** a Japanese investigator who has played a particularly 
important rfile m the saentific study of microteclmical dyeing 
An apparatus rcsembhng Sefa s is shovm tn fig 23 practical 
instructions for setting it up are given in the Appendrr (p 321) 

The mam jjait of the apparatus is the large U tube m the middle 
of the photograph. This contains an aqueous agar gcL It fills the 
tube up to the level marked O on the cardboard scalefixed beede 
the tube the level is also marked by a hne on a label stuck on to 
each hmb of the tube. The gel is bufi’ered at a known pH The dye 
solution, buffered at the same pH is poured into both limbs of the 
U tube to the same haghL In principle, one might now put the 
positive wire from an accumulator into the dye solution m one 
hmb and the negative wire mto the dye solution m the other and 
the experiment would begin. If this were done, however the 
dectrolyiia of water would take place, gas would be formed at the 
electrodes, and the latter would become depolaraed The reat of 
the apparatus exists solely to prevent this It conaists of two beakers 
mto t^iuch dip electnc wires (marked + and — ) and two small 
U tubes, each of which dips on one side mto a beaker and on the 
other mto the dye in the big U-tube. The current passes through 
•gar gel m the small U tubes The contents of the beakers and 
U tubes are givco in the Appendix. 

The electnc current should be switched on as soon as the dye 
has been poured mto both sides of the big U tube. The current 
now tends to make the dye move towards either the negatn'c or the 
positive pole that is to say to make it descend m one or the other 
of the two limbs of the U tube. Simple diffusion also occurs, how- 
ever and thu causes some descent on both sides. ^Vhen basic dj^es 
we used there is also an attraction between the dye and the agar 
which causes some descent on both sides. The much greater 
descent on one side thnn on the other shows that the dye mm'es in 
response to the current. In the figure the dye m question (methyl 
cne green) has moved m 42 hours about 6 cm towards the negatn'e 
pole and only about 2 cm towards the po8iti\ e The dye 10ns are 
clearly positi\'cIy charged or catiomc, and indeed methylene green 
a a catiomc or basic dye. 

This apparatus enables us to find whether any dj-e is banc or 
sad at any particular pH In general, any dye th^ is shown by its 
chemical formula to be basic will bcha\'e like methylene green 
while any acid dj’e will move m the opposite direction The speed 
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With which the various dyes mo\*c vanes considerably Thus 
methylene green is one of the fastest, dahlia one of the slowest of 
the basic dye*,'*“ This depends partl> on the electnc charge, 
parti) on diffunbihty 

■^lost d}’e8 remain cationic or anionic, as the case maj be, 
throughoot the range of aadrty and olkahmt} within which dyemg 
ordinarily takes place m rmcrotcchnique that is from about pH3 
to 9 Examples of basic dyes that are tj^Jical m this respect are 
crystal violet and safranme, while orange G and picnc aad are 
tj-pical aad d)*es.^“ Some dves, howc\cr, arc amphotcnc, bang 
caGonic below a certain pH (the iso-elcctnc pomt) and tnionic 
above. Examples are hthmm carminate and haematein, with tso- 
eJectnc points about pH 4 5 and 6-6 respectivelj These frets 
feet* can be ex pr e ss ed m a simple diagram. 

pH 3 4 5 6 7 * 9 

Typic*! b«»c dye +4.4.4.4.4. + + -f-j.4.4-4' + 4.+ 

An amptiotcnc dj« + + + _ — — — — — — — — 

Typicil tad d) e — — — — — 


The majority of dyes fall within this scheme though some are 
bleached b) oadit) and more by alkalinity, so that thar behaviour 
cannot be studied cataphoreticaD) at the ends of the pH rangt^ 


'^ectncally-charged groups occur also in the tissues, especially 
m the protons and certain lipids. The most obvious sources of 


electnc charges m the proteins arc the 



and -NHj 


groups of certam amino-aad residues, A part of a protein chain at 
the iso-clectnc point is here repr ese nted by an example. 




gbdame end 
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NH 

nicciij.NH, 
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Part oi m protftm cham at Ou ao-eieftne peat 
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The degree of lomzation of the c*rboiyI tnd tmino-group* 
depends on the pH When this is pushed to the tad side of the 
iso*electnc point, the dissocadon of the sad groups is suppressed 
ind thit of the tnuno-groups increased The protein thus becomes 
progressively more positively charged sa more snd more of the 
tmino-groups become lontred They are all ionized when pH 2 is 
reached, or thereabouts. 




HaCHt),NH, 


ianiaed e mim -g n tip 


Part ef a prvtetn fkaat am dtt aod tid* of tin pabd 

When the pH IS on the less aad or more alkaJine ede of the 
tso-electnc pome, the dissocubon of the amino>groups is fDp> 
pressed rvhile that of the carbozy] groups u mcreased. Thus the 
protein becomes more negstively chaiged ss the pH increases, 
until all the carboxyl groups are ionized at about pH ii 




9=0 
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tam u e d cmrbo x it 


NH 




r 


Pert cf m pnUxm cMabi om Om Ua and or tmon mDudma tidt tf t)n isB-<intrie 
petal 


Although the proton as a whole is neutral at the iso-clectnc 
point, yet a few lomied carboxyl and amino-^roups stiD exist at 
this pH 'ITus n important for dyeing 
The chief amino-sod side-groups that can give negative charges 
are aspartic, ghitamic, snd hy d r oxy glutamic. The -OH group of 
tyrosine tnd senne can also be wnired and so can the terminal 
cirboxyi group of a proton <*hain. 
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The ammoaad wdc^group* that can give poiitivc charge* are 
lywnc, aigminc, and histidmc, and the tennina] ammo-group of 
the cham is also available. 

The majority of the ammo-aads (glycme, alanine, knanc, 
phcnylalamnc, etc ) cannot provide clcctnc charge* unless they 
happen to he at the end of a rKam 

Since different protans contain different proportions of aadic 
and basic amino-aads, the position of the iso-cJectnc pomt 
vanes 

The tissues provide a number of other charged groups beyond 
the ainmo-aad residues of proteins. Negative charges can occur on 
the phosphonc aad groups of nudcic aads and phospholipids, and 
on the uronic and sulphuric groups of mucopolywcchandes. 

The vanouB Ussuc-constitucntB that art \Tiible under the micro- 
scope vary in their content of these positi>cly and negatively 
charged groups. Some ore prepondcratingly positive or basic, 
otbers negative or aadic, other* again ampbotenc or easily Bwsytd 
by changes m pH Some characteristic examples arc these — 

Aadic DNA and chromatin 

RNA and ribonucleoprotcm 
matrix of cartilage 
many mucous secretions 
most lipids other than tnglyccndcs 

Amphotcnc cytoplasm of most cells 

contractile substance of musdc 

Basic collagen 

cytoplasm 0/ red blood-coipuscles 
granules of tonnophil leucocytes 
nuda of the spermatoio* of certam fishes. 

The substances here listed as aadic and basic set as such within 
the range of pH at which dyeing uaually takes place m micro- 
technique, but if the dye solution be rmule auffiacntly aad or 
alkaline it will be foimd that they arc m ftet ampbotenc. 

Smcc both dyes and tissue-constituents are clcctncaBy charged, 
It u natural that they react with one another The aadic consotu 
ents have an affinity for basic dye-ions and arc therefore called 
h<atp}nl (sec p 3M), while the basic attract aad dye-ions and are 
called tt^ophl^n^ fact that basic dyes show a ‘moat striking con 
formrty with one another m their reactions with tissue-constitu 




no 44, Ehrifch It tb« BW of 14- At •bout ihu B 
coveted the fitndamenul diffamee* between ba«t 
djT* m thnr reaetioni *iih the eonWituent p»m of 
•jv) >ho«ed how ihe pemteabiUty of tV 

•Klcd ddfcmitul d>etnc 

(rnrn MMTjumlt.** tn iinJ inTTiM—ru et M^mi \'ifl 
mano Mtdtol Uooia. Lid.) 
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cnt» was remarked by Ehrlich *•* m 1879 In the same year he 
noted the affinity of tad dyes in general for the granules of 
what he had named eoamophfl leucocytes In the foUowmg year 
he give a short general statement of the differences between basic 
and aad dyes in their reactions with cell constrtuents, illustrstmg 
his remarks by reference to leucocytes,^ He noted that the gran 
ulcs of eoimophils have an affinity for aad dyes, of MasUxUen for 
basic dyes, and of polymorphs for both constituent parts of 
neutral dyes (p 26a) These papers published when Ehrlich 
was about 25 years old, mark a turning point in the history of 
scientific microtechnique. 

In preliminary studies of the reacboDS of dyes with electrically 
charged objects it is convenient to use simple, homogeneous 
models to represent the tissue-constituents, TTie aadic and ampho- 
tenc conatrtuenta are the most worthy of attention, because every 
cell contains them- Sela chose collodion as a model for the 


tadic compoDcnta, gelatme gel for the amphotenc. TTieic sub* 
atancea are very c on ve n ient, bearusc they can so eafOy be cut in 
slices of uniform thickness, but collodion is more aadic than 
most tusue-constrtuents The depth of colour may be recorded on 
an arbitrary scale, or determined by photometry Practical instruc 
Dons for some cipenments resembling SelTs are gntn in the 
Appendix (p 323) 

The results with collodion (fig 25) ere simpler than those with 
gelatine because the former when m water or aqueous solutions, 


mtiDtiins Its native charge throughout the reJennt range of pH 
It IS strongly dyed by cry^ violet or any other typical basic djre 
throughout the range. Typical aad djres, howc\*er, scarcely tinge 
collodion except m strongly aad solutions, m which the charge on 
the collodion is somewhat lessened 

amphotenc dye behaves oa one would expect on theoretical 
grounds. On the aad aide of its iso-elcctnc pomt it is pasrti^Tly 
charged and therefore dyes collodion strongly but on the less aad 
wde It becomes negatively charged and its tendcnc) to colour 
collodion disappears about neutrality These facts arc well exempli 
fied in the practical use of carminic aad, the uo-dcctnc point 
of which u about pH 4 2 It ts commonly used for dyeing chro- 
Utttin m the form of acctocarmme,*** In this atrongl) aad solu 


tion It acta as a basic dye In alkaline solution bowwer m 

the form of bonix carmine,^** it acta as an aad djT, but it usually 


converted subsequently into a basic one by treatment with aad 
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Orccm 18 another amphotenc dye,**^ much used m its basic state — 
that IS, m strongly aad solution — for the dyeing of chromosomes,*^ 
Hacmatem is yet another amphotenc dyc,*‘* but it is not used as 
a direct dye m other its basic or aad character as the colours it 
produces arc feeble and mdefimte/The way m which this im- 
portant dye is used m practice wffl be explamed m chapter ii 

(p 207) 



pio sji PU grimutt dc repT<»got«tioa of the dyring of coDodjoo by 
typ f oT bttic, Kinphoteric, md add dfc*. TTie oroin*t» Ji didded 
into Krbitnrr unha In ge n eral coofortnitj with the data of Seti ,*** 


It was mentioned above tha t most tissue-constituents are shown 
to be amphotenc if tested towards the extremes of pH and their 
rcactiona to dyes are therefore more compheated than those of 
collodion which remains negatively charged even m strongly aad 
solution. More than half a century ago Bcthe ** tned the effects of 
adding varymg amounts of sodium hydroxide or sulphunc aad to 
solutions of toluidmc blue. He tned these sohitioiis on various 
mammalian tissues fixed m alcohol Whereas everything was 
colourable m aUcalme solutions or at neutrality, there was a tend 
ency for the vanous constituents to fail to take the dye as more and 
more aad solutions were used one constituent after another dyed 
more feebty or failed to dye at all Cytoplasm fell off rapidly m 
capacity to be coloured chromatin much less rapidly and muc^ 
less rapidly still, while the groimd substance of cartilage remamed 
as deeply dyed m the most aad solution tned as at neutrality 
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Puclunger de^ eloped Bcth« study by using both banc md 
*ad dyes, instead of bssic onJyyHe abo^ro tfast the effect of both 
bwic and aad dye* tended to faU off abarpfy totnrd* a particular 
pH which he regarded as the iso^ectnc pomt of the object dyed. 
Thus an aad dye would colour a particular object in the tissues m 
strongly sad sofutiooB, but would scarcely act shove a certain 
pH- A basic dye would act strongly on the same object m alkaline 
sohioon but the affinity between dye and object would fafl and 



ncariy disappear at about the same pH as that at which the aad dye 
faded to act The position of the iso-electnc points of tmue- 
coosGtuents may indeed be roughly cstiinated by Pischmger^s 
methoch but different pain of dyes do not give exactly the same 
result^ and Lisoo prefers to speak of the ‘apparent iso-electnc 
point when referring to information gained in tl^ way 

Instead of using a baaic and on sad dye separatcl) one may mix 
them together and judge the position of the iso-clcctnc point of 
any particular object m a microscopical preparation by noting the 
pH at which the mixed colour is given Methylene bhie and 
eosin make a good pair for this purpose/' 

Methods of this sort hdp in the hist^emical idaiuBcftion 0/ 
certain tasue-constitucnts. Carboxyl groups soon lose their negs 
tivc charge as the pH is lowered ffien phoaphonc groups, and the 
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sulphuric groups of oertam rnucosubstimctt Uta Thcst facts 
proMde the expbnatioa of Bctbe s results. 

Scki chcTO sheet gdatinc, untreated by any fiiatno, at a 
model for amphotenc tissu<M»ntt5tucnts. The d}eing of gelttme 
u represented diagrammaticafl) m fig 26, The i»o-eIectnc point of 
this substance it about pH 4 7 Since gelatine is positively charged 
at loTvcr pH than tha, rt has a strong affimtj for ordinary aad 
dyes (^CTcllmg dj-es, see p. 235) m strongl) aad toluuon. In the 
tame way wool has a strong affinity for these dyes at low pH The 
affinity of gelatme or wool for ordinary aad d) cs falls off rapidly as 
the pH rises abo\-e the iso-clcctnc point, but now, at the charge has 
bcc^e negative, there 11 mcrcasmg affinity for tvpicaJ basic dyes. 

The curves representing the uptake of aad and basic d}ca by 
protemt cross somewhere, and the place of crossing is at or near 
the iso-clcctnc point of the proton It might be thought that dye- 
mg would be nnpossiblc beyond the iso-electnc pomt, so that the 
curvet for aad and batic dves would reach the base-fine here, 
instead of crossing It must be remembered, however that pro- 
tont are not without electnc charges at the iso-electnc point fuch 
charges still exnrt, but the positive and negative ones bal.inre one 
another 

Accurate figures for the amounts of a basic and an aad dye 
taken up by thin fibrm film* have been obtained pbotometncallv 
by Singer and Mornson Thar results confirm the general 
correctnets of the data pro\*ided by Seb, who uted an arbitral} 
scale (+ 1 + + etc.) to represent the mtenait) of dyeing as judged 
visual^ 

''■^^The facts just recorded explain the common custom of using 
baac dj^cs m weaklj aad solution The pH is low enough to pre- 
vent the amphotenc cjtopUsro from takmg the dye, but not low 
enough to prevent the chromatm from being coloured strong!^ 

The complication is considerable when an amphotenc substance 
IS treated with an amphotenc dye. If the ao-electnc points of both 
wer e the same, there would be little affiniQ between them. If, 
however the iso-elcctnc pomt* arc different, there will be a 
narrow range m which the diaigc on the dye will be opposite to 
that on the proton dyang will occur within and to some extent 
also beyond this range (fig 26) 

After basic dyea have acted there it generally Irttlc tendency to 
eamraction by water at neutrality Many aad dyes are less fast to 
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^■atcr (Metachrorac yellow an aad dye, is exceptional m bang 
nearly insoluble in water so that it could npt easily escape e^cn if 
the bond with the tissue were loosened. J^cids and release 

respectively basic and aad dyes, and once again the iso-dectnc 
point of a particular tissue-constituent w21 detenmne whether 
or how quiddy it will release a dye. These facts form the basis of 
regressive dyeing Instead of allowing the dye to colour the tissues 
progressively until the desired effect is obtained, one may o%cr 
stam and then extract the excesa of dye differentially from the 
various tissue-constituents The bydronium and hydroxide ions 
diffuse through the tissue much more rapidly than any d}e-ion 
and therefore gi\'e more even results, especially if the piece of 
tissue be thic^ 

'Although tne basic djes show more resistance to washing out 
b> distilled water than aad ones, many of them are \ cry quicUy 
rcmo%'ed by the alcohols used in dchjdration which renimT the 
aad dyes more slowly Indeed the dchydratmg alcohols act like 
very wiak aads.^** Thar powers of extracting basic dyes diminish 
in the senes methanol ethanol propanol, butanol, pcntanol **• 
There appears not to have been any Ml investigation of the \-anous 
isomom of the three last mentioned alcohols but tertiary butanol 
IS said not to remove any toluidine blue that has combmed wntb 
nuclac aads.*” It might be thought that banc substances, such as 
aniline and pyndine, would help to hold basic dyes m the tissue, 
but m fact thc> appear to compete with the dye for the aadic 
components of the tissues^^ 

A simple experunent, desenbed m the AppendLx (p 324) 
shows that aadified alcohol rapidly removes all colounng of 
tissues by a basic dje, but leaves intact the colounng by an add 
dye 

MCllendorff*** considered that a sharp distinction was to be 
drawn between the action of aad dves and certain basic ona on 
one band, and of other basic d}'es on the other The latter m his 
^^cw, were espcaall) liable to floccubUon and tended to be 
prcapitatcd on the surface of the objects for which thej had an 
aflinity This process he called preapitation-dyang (Aw/rr 
uhla^sfarbun^) Other dj es, not subject to floccubdon penetrated 
into the interstices of objects and dj-cd them uiuformlj throughout, 
lie called this pcrmcaUon'dj'cing {Dwxhtrankan^sJ^rbuns) 
distinction It perhaps N*ahd One sometimes has the impression 
that certain basic djes and d}'c-lai.cs (p 207) ha\*e a tendenej to 



200 


DYEING 


General intcrmolcailar attraemm (van dcr \Vaals fon») are 
thought sometimes to aid the indiscnminatc anebormg of dve*, 
pnmded that dose enough approximation to the sutwtrate can 
somehowbe a trained. 

I 

c=o 

VH N*H, 

' 9 

A poaibU kydnten bo^ i ) Utuun a prt*>^ of • fnUat tlun 

txd on ithujw ffvtip tg oi^t 

Although these kmdi of bonding must be kept m mmd, yet 
there is at present no strong evidence that they pt^ a dominant 
role m microtechniad dyeing The biologist has one advantage 
over the textfle chemist m judgmg the forces that bind a dye to iti 
substrate. The tissues of plana and animals, as studied m the 
biological laboratory, provide u» inth very ob%nous vaJblt tndica- 
tiona as to whether a dye is acting in conformity with the electric 
charge on its ions or not It is true that the cortex of wool is some 
what acidophil and the medulla somewhat basiph3 *-* but the 
contrast la not very sharp, and anyhow textile chemists do not 
devote a very great deal of study to the appearance of dyed wod 
under the mi cr o sco pe. When a biologist looks at a microscopical 
preparatioa of the most ordinary kmd, every ccH suggests the 
supremacy of wnic forces, for the aadic efaromatm is coloured by 
the basic dye and the ground <ytoplaim m a contrasting cokwr by 
the acid dye. 

If reactions between oppositely charged groups play a major 
part m dyeing one would expect a stoiduometnc relation between 
the amount of proton dved and the maximum amount of dye that 
could be taken up This is t subject on which there u confiictmg 
endence- One can measure the amount of inoiganic sad with 
which a particular proton will combine, and then compare tha 
with the amount of aad dye that can be taken up. It is claimed 
that the number of argmme, Ijroie, and histidme groups m the 
proton account for the amount of aad or aad dye that wiH com 
bme, and that there if therefore no reason to suppose that the 
peptide groups of the proton chain partiapate m the process 
of dyeing ^ Singer and Momson,*^ however found that at pH 2 
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and 1 1 fibnn filmi took up far lc«a aad and basic dyes respectively 
than would be expected if all the charged groups of the protein m 
fact reacted with dyes. The subject, however is compheated Dye 
ions often a ggr eg a te (p 238), espcaally at the low temperatures 
used m the biological laboratory, and this would make stoichio- 
metric proportions unlikely Dyes 10ns with two or more charged 
groups might not be able to use all of them to make attachment to 
oppositely charged groups on the protein because the latter might 
be too far apart 

The effect of morgamc salts takes up a good deal of space m 
works on textile dyemg but is of less dir^ mtercst to the biologist 
In dyeing cotton and other cellulose fibres with certain direct 
cotton dyes, it is usual to add sodium chloride or sulphate to the 
dye bath as this greatly aids the uptake of dye. The dye ions of 
these direct cotton dyes carry the same (negative) electric charge as 
the cellulose. In general, morgamc salts help dyeing m those 
particular cases m which the clcctnc charges oppose it, apparently 
by favouring the near approach that is necessary for dyeing by 
close-range bonds,^^ On the contrary they interfere with the 
linkage between a dye ton and an oppositely charged group in the 
object to be dyed and also lessen activity of many dyes by 
mcreasipg their tendency to fiocculstion and thus lowering thar 
capaetty to diffuse. Salts should not be used u buffers for dyes 
wi^out r^ard for these facts, 

^temperature affects dyeing in several wiys High tern 

permturcs m cr e as e the rate of diffusion of dye 10ns and also reduce 
any tendency they may have to aggregate mto larger particles (p 
241) which would more more slowly and penetrate less easily 
High temperatures also loosen the covalent bonds that hold protem 
chains together and dis8oh*e the disulphide links thus the protem 
becomes more easily pcrmeabl^At 100 C i hour maj suffice 
for wool to take up as much of a dye as it can hold but if the 
temperature be kept down to 20 C, 5 months may elapse l^forc 
equflibnum bet w e en wtxjI and the same dye is reached '^em 
perature does not have much effect, however on the amount of 
dye eventually taken up rather more is taken up from cold lolu 
dons, except in those cases m which a dye cannot enter at all in 
the cold (p 241) Most biological matcnal is \-cry much more 
easily penetrated by dyes than wool is, and the temperature is only 
raised aboi'c that of the laboratory when a dye has a spcool ten 
dency to flocculation (e.g aiocarraine) or when a tissue-constituent 
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u particuUri) dose tCAtur«J and therefore difiiadt to penetrate 
(c.g mitochondn^'' 


The effects of fixation on djting ha\c aJrcad) been mentioned 
in chapters 5 and 6, under the headings of the eight pnman* 
fixatu cs sdcctcd for separate description A general rc\ jevr of the 
subject udl be given here 

These effects can be studied bj expcnmenti on proteins. 
Scki fixed smalj pieces of egg white in v-anoui trays he ather 
dyed them whole or made paranin sections. Fibnn films are very 
suitable for work of thu sort, ihcj are chemical!) uniform and 
require no sectioning effects of fixation on the d}'cing of 

tissues has been investigated b) several vorkcriy^*^ *“•*’*■** 
WTiethtr proteins or tissues be used, the material nu) be exposed 
to a mixture of 3 basic and an acid d)C,^ or to basic and acid dyes 
separately the pH of the d)c solution ma) be controlled.*®* 
Instructions for cany ing out simple experiments on the effects of 
fixatives on dvcing ore given m the Appendix (p 335). 

For studies of this kind it is important to avoid ctUi (wch as 
nerve-cells) that liave much RNA in the cjlopbsm, for this would 
colour strongl) with most basic d)^ and therefore mask the effect 
of fixatives on the reactions of d)*es with the cj-toplasmic protems. 
Strongly basic protoplasm such os that of marruTiaban red blood 
corpuscles, IS also unsuiiahle One needs an example of ij^pical 
tyloplasm and tvpical chromatin Seki **’ chose the skin of the 
frog and mammalian kidnc) The convoluted tubules of the latter 
organ and the spermatogonia and ipermatocvtcs of mammals are 
particular!) suitable ” l*hc btc spermatids and spcrmatoioa them 
selves arc unsuitable not on!) because of the absence of unspemaJ- 
jted c)’toplasm but also because of the basic nature of the nuclear 
matenaL 

Certain possible sources of error should be noted Tlie intcnsi^ 
of dyeing is often different at different depths m a piece of tissue. 
It IS best to use small pieces of ncarl) uniform sixe and to compare 
cells m the middle of each piece. Some fixatives shrink the C)io- 
plasm strong!) In its shrunken condiuon it may give a false im- 
pression of taking up a lot of when in fiict the same amount of 
dye spread ov'cr the cytoplasm of an unahrunken cell, would loot 
quite pale. It is desirable that quantitative methods should be 
introduced mto work of this kind. This has already been done in 
studies made with fibnn films,*” 
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'^nfucd proteins arc gcncnill> neither stronglj basjphJ nor 
strongly aadophi Chenucal fixation gcnerall) increase* their 
colourability by dje*. Tbi* is trclJ shoim by fibnn films 
Fixation by heat has the same effect*'^ Certam fixatircs fa\ our the 
action of basic dye* other* that of aad d)^* others again ahoiv 
ca^ coloration by botfj/ 

'^ormaJdehyde favour* basic dyes more than any other fixative 
docs. Meroinc chlonde has the same tendency but in a less 
marhed form. These facts arc related to ivhat 1* knemm of the re 
action* of these tivo fixatiies with proteins, for m both cases there 
is blocking of -NH, groupsytpp 53 and 59) Kelley con 
siders that rocrcunc chlonde fa\-our» aad djos he think* the roam 
effect of the salt is to block corboi)! groups, while ammo-groups 
are left free for linkage with *ad d>-cs. TTus i* contrary to what 
is known of the chemistry of fixation bj mercunc chlonde, and 
also to the observable fact* of dj eing 

'^rora some of the remarks m the hterarure one might imagine 
that osmium cctroxide almost abolishes the capaat) of tissues to be 
dyed/T\'en Seki,^*® so reliable a* a general rule, p\ c» this impre*- 
sioiC^ctually this fixative leave* cytoplasm readHy colourable bv 
basic dyes (after bleaching) thcrogh scarcel) at all b> aad oney 
Anyone cin prove this for himsdf by carrying out the expenment 
dcsoibed in the Appends (p 315) Basic fuchsine grv'c* particu 
laxly mteme coloration of the convoluted tubule* of the mammahan 
kidney These facta cannot be correlated v\ ith n liat is known of the 
reaction of osmium tctroxidc with proteins (p 6a)'^rom the 
effects of d)*e< one ivould suppose that ammo-groups were almost 
climmated but carbox>I group* left free for linkage with basic 
dyea/Tt mutt be mentioned that basic dye lakes (p 207) act less 
stronglj than basic dj-e* on tissue* fixed by osmium tetroxidc. 
'Ethanol is intermediate between such fixatn“C8 as formaldchjifc 
mercunc chlonde and otmnim tetroxide which make cjtoplasm 
baiiphil and the one* to be mentioned below which have the 
reverse effect. It allow* fairly casj djeing of proteins and cyto- 
plasm b) both basic and aad djes. T^is must be correbted with 
the fact that it u a non additiv’C fixative which would not be ex 
pected to have much effect on the proportions of the aadtc and 
ba^ic groups avatbble for linkage with dye*/ 

■^In sections of tissue* fixed with acetic aad the cjTopbsm show* 
I general resemblance in it* reaction to d}*c* to that fixed bj ethanol 
for both basic and aad djxs ore taken up fatrlj readllj 
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fixoDvca that parDcuJarly favour acid dyes are tnchloracctic 
picnc aad, and chromium tncnade, ScJu would add 
potassium dichromate to thesc/tut after this substance has been 
allowed to act on the mammalian kidney, the cytoplasm of the 
convoluted tubules is readily coloured by basic dyes.** The facts 
suggest thafmchloracetic aad, picnc aad, and chromnim tnonde 
tend to block carboiyl groups and leave ammo-groups free for 
linkage with aad dj’c^Scki, howc\er, considers that basic proteins 
are immobiUrcd by the alknloidal reagents and remam m the 
tissues to react with aad dyes, whfle aadic proteins sunply 
dissoI\e away Unfortunately we have not nearly so much know 
ledge about the reacOons of these substances with proteins as 
we ha\e about the reactions of formaldehyde and mercunc 


chJonde, 

'■''Vhe effects of fixatives id blocking carboxyl or ammo-groups 
are reflected m changes m the iso-elcctnc pomts of protans/Such 
changes arc most readily observable \nth fibiin films, which can be 
subjected to duTCt cataphoresis iso-clcctnc pomt of un 

fixed fibrin is pH 6*o denaturaDon by heanng (i mm at lOo" C) 
lowers this figure to 5 7, fixation by formaldehyde (10%, 16 hr) to 
5 2/Estimationa of the shift of the iso-cJectnc pomt of tissue- 
constituents can be made by experiments with dyes used at 
particular pHs.***- *“ It is found that >*anous objects m the tissues 
can be coloured by basic djes at a low^pH after fixation by for 
maldchyde than after any other fixative. Ethanol has been found to 
have little effect on the position of the iso-<Jectnc pomts of dssuc- 
cor^tuents/ — ' ^ 

dyemg of chromatm is more complicated than that of the 
cytoplasm It is likely that fixatives generally spht DNA from 
protem and the colouring is then mainly that of DNA by the 
basic dye virtue of acetic aad is that it leaves chromatin 
scaredy colourable by aad dyes, so that basic dyes are not masked. 
Many other fixatn’cs allow strong coloration of chromatm by basic 
dyes for instance, mercuric chloride, formaldehyde, ethanol and 
potassium dichromat^JTTic two latter however do not coagulate 
nucleoprotems, and there is therefore no imroobilixation of 
chromatm m its original sites. When it is contamed in the nucleus 
howcv er It 11 prev ented from escape by the nuclear membran^ and 
rt distributes itself almost at random withm the nueJeuyT^J* i* 
particularly obvious when one examines the first meiooc prophaw 
m a gonad fixed m ethanol or potassium dichromate. No one would 
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choose either of these finHva for work on chromosomes except m 
nuxtures 

'Respite statements to the contrary osmium tetronde allows 
quite strong colouring of chromatin by basic dyes but it often 
makes the nuclear sap basiphS, and this clouds the structure of 
the nucleus. One would not use this fixatnT alone m studies of 
prophasc or telophase changes, or m any other mrestigation re- 
quiring s glassy nudear t2py 

'-'The reactions of picnc aad with chromatin are >ery cimous.** 
The protem part is coagulated but the DNA is set free and dis- 
solves (compare Levene •*•) The chromatin is now represented 
only by protein andthenatureofthclattcrdetermincsthereaction 
with dy^ Since the protein component of chromatin is seldom 
strongly aadic, there is little affinity for basic dyes but if it 
chances to be definitely basic (as, for instance m the spermato- 
cytes of mamnitls) oad dyes will be taken up strongly We thus 
have the cunous spectacle of maotic chromosomes strongly dyed 
by aad dyes, but feebly by basic one^ 

'"It IS not unusual for the protem of chromatm to be colourable 


by aad dyes, after DNA has been separated olT by the action of 
fiiatires. Aad dyes are used to colour chromatin m certain tech 
mques (tad fuchame in Mallorys tncolour method •* and aro* 
carmine m Heidenham s Axan After most fixatives the DNA 
will still be present, but will not mask the colouring of the protein 
by an aad dye unless a basic dye is used as wcD The aad dye 
wmki more strongly hoiscvcr if DNA ase is allowed to act first/ 
'Tn the chromatm of the spermatosoa of certain fishes the DNA 
18 combmed with protamme The strongl) basic nature of this 
simple protein caused largely by its high arginine content pre- 
dominates to such an extent that the substance as a uhole, rMth its 
DNA, 13 highly aadophil and scarcely takes basic djes, whatc%er 
fixati\ c may ha\-e been used/' 

a particular fixative leaves some of the phosphonc groups of 
DNA still combined with protem thu will necessarilj result m a 
low affinity fof basic dj e^ 

The revtson why formaldehyde interferes with the dyeing 
of chromatm by borax-carmme followi from the foregomg con 
sidcmuons. In alkaline solution carminic aad is an aad dye with 
out affinity for DNA It can combme however with the basic 
groups of the protein of nudeoprotem and then u hen the tissue is 
subsequently aadified and it becomes a basic dye, it can fix rtsdf to 
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the DNA If h£m*c\Tr» formaldchjdc vns used os fixaDvc, the 
protein of the chromatin will ha\c been rendered acidic and there 
fore wili ha\ e taken up little camunc from alkaline solution there 
will consequently be bttlc dye present m the chromatin to link up 
mth DNA on subsequent oadihcation 
In routine preparations we usually UTint to dj c the chromatm 
m one colour with o basic dye (or b^ic dje-Iakc, p 207) and the 
cj'toplasm-in a contrasting colour with an aod dye. AVhflt does this 
miohertdeaHy the DNA must be struck off by the fixative from 
the proton \nth which it was combined and precipitated instantly 
without change of position m a form m which it will combine 
readily with basic dyes the protein of the chromatm must have 0 
low affinity for and dj-es, so that the colour given by the basic d\r 
shall not be masked , and the cytoplasm must have little affinity for 
baste dyes* but link strongly with aad ones The fixative that 
leaves tissues most nearly m this condition is chromium tnoxidy' 
though chromatm fixed by this substance has not *0 strong on 
affinity for basic dyes as one would wish, and rttams some affinity 
for aad ones ’Aadificd potasaiom dichromate acts similarly to 
chromium tnoiid^‘'(See p 132-) 

Many fixativ'e mixtures probably owe their continued popularity 
largely to the fact that they happen to leave the iio*elcctnc points 
of the tissuc-constrtucnts in convenient positicms, that is to say, m 
positions m which it is easy, without troubling to use buffets, to 
colour the chromatm with a basic dj-e and the ground cytoplasm 
with an acid d)T of contrasting colour Some shift of the ao- 
clectnc point towards higher pH would be hdpfiil towards this 
end, which is realired by such fluids as that of Teenier ^ If this 
shift did not occur ground cytoplasm would generally be too 
biaiphil to give good colour-contrast mth chromatin 

is a special property of raercunc chlondc that it leaves tissues 
m a state in whidi they arc readily coloured by djxs of aH sorts (but 
particubriy by basic dyes and dye lakes) No adequate explanation 
of this faraihar fact has been provided One must suppose that the 
tissuea are fixed in such a form that they are rcadilv penctnted^ 
large 10ns, and that many oadic and tisic groups (especially the 
former) ore available for linkage with dye^ 
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The Indirect Attachment of Djes 
to Tissues 


It If charactcmtic of dyes that when they #re dissolved in water 
or a mature of water and alcohol, they attach themselves directly 
to certain tissue«conrtituent8 in one or more of the ways described 
m the last chapter’-'&jmc of them, however have an ahematrve 
method of attachment, mvolving the presence of another substance 
besides dye and folrent and when tha lubslancc la present, their 
behavioar u quite differen^Great advantage can sometimea be 
taken of tha difference m behmiour both in the textile mduitry 
and in microtechnique. A dye that la almost useless m simple 
sobtion may become of major importance. 

salts of certain metals are ihc chief substances that radically 
alter the behavioiir of particuiar dyes. These salts were called 
mordaxU because they were thought to bite into certain tertOe 
fibres and thus give attachment to dyes that would not work 
satisfactorily by themselves. The word was taken into our language 
from Frcni^ 

A mordant is capable of entering into chemKsU combination 
with a dye. The r^ulang substance is called a lake This word 
had a cunous origin It denres from /ac a Hindustani word mean 
mg the waxy material produced by the scale-msect, Tachartha 
lacca The females of this speaes attach themselves m great 
numbers to the twigs of certain Indian trees and produce an 
abundance of iraxy material which fills up all the spaces betwee n 
them. The waxy material it sold as lac, or if in fist plates, as 
shellac. The insects themselves contain a large quantity of lac-dye, 
which IS chemically related to carmuuc aad this is said to be 
stored chiefly m the emmes,* The dye ts dissolved out ind then 
preaprtated by potassium ahim. The name Zac became attached 
not only to the wax but also to the precipitated dj-e and afterwards 
to the product of the cochineal insect preaprtat^ in the same way 
( crimson lake*) The aJuro play* s double rdle. It preapitates the 
*07 
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proton fraction of the cnidc dye, and also combines Toth at least 
part of the true dyestuff 

In a vah^lt vroik on dytmg published in 1813,* rt -was »ug 
gested that aj'cs used with mordants ahould be c^ed ^adjec tn t 
dyes , those used without mordants, 'substantTrey^Thee words arc 
still used, but rt must be remembered that there are not realhr two 
classes of djes. It u true that many djes cannot be used adjce 
ti\-cly but dyes that can be so used will also colour biological 
material substantive^ 

■^The great advantage of the use of mordants m microtechnique o 
that when once the tusuc/mordant/dyc complex has been forined, 
It 13 insoluble m all the neutral fluids ordmaxily used so that 
subsequent colouring wuh other dyes is easy and there a no hurry 
in deh)rdratiom The lakes are banc m acooiL Thar fastness to 
alcohol IS a \ cry great advantage over ordinary basic dyeyind 
renders them particularly suitable for the etJounng of whole 
moimta, which cannot be dehydrated quickly''''tertain dyo, par- 
ticular!) haenutein, produce weak, usdcfinjtc, or urmirtable cdourt 
when used substaiiU\Tl) but gtvebrilhant or intense results when 
used with a mordant. 

^in the textile mduitiy the mordant is sometimes used fim and 
the d)c afterwards (two-bath method) sometimes the two are 
used together (amgle-bath method) sometnnes the dye is used 
first and the mordant afterwards ( afterchromc’ method).^ In 
microtedmique the mordant is very seldom used after the dye* 
though two example* can be quotc^r’*- The other methods arc 


bo^ m common use. 

-^wo problems at once present tbemsel’rea. How doc* the mor 
dant attach rt*^ to the tissued How does the dye attach tad£ Vi 
the mordant (or mother words what is the lake)^ 

In trying to answer these quesbom one get* far kss help from 
the textile chemats than might be expected. There art sev^ 
reasons for thu. In microtechnique the most important dyes used 
adjectivcly are hsematcin and canmne, but m the textil e industry 
the great majority of mordant dye* belong to the axo-groop ^o 
aio dye u used '^nh a mordant m ordmaiy micrtrtediniqne. A w 
more important reason, however concern* the nature of the 
mordant* uscd.'''^lic mdustnal dyer uses chrommm mordant* 
almost exclusively nowadays, but diesc are much la* ® 
nucrotcdhniqae than iron and alummnniy^Thi* would perh^ 
not matter very much m itself, for knowledge gamed about e 



THE INDIRECT ATTACHMENT OF DYES TO TISSUES 2(X) 
iction of chromium might be apphcable to the other metals but 
unfortunately the ordinary use of diromnim in mdustry is radic 
ally different, for it is tpphed as sodmm or potasanim dichromste, 
that IS to say m an amomc complex, whereas m microtechnique ^■e 
use the metals as cations. It is an extraordinary misfortune thit 
m fixation we cannot profit from mdustnal chemistry because w 
use amoToc chromium while the tanner uses caoomc, and m dyeing 
we cannot profit much because we use cahomc chromium while the 
professional dyer ge n er a lly uses amomc. 

short, m microtechmque we generally use iron aluminium 
and caUomc chromium to mordant for hacmatein, carmine, and 
certam oxanne dyes, while the mdustnal dyer generally uses 
amomc chrommm to mordant for axo dyc^ 

The chemistry of mordanting m mdustry has been thoroughly 
mvcstigated and must be mentioned very shortly here.^*- ^ 
The aad axo dye commonly has -OH groups ortho to the axo- 
group On rcactioa with the mordant at high tempenture, the 


OH HO 

Ok=n-0 


o/f-0 


SJtiUton f^rwadoi <i «n ««o bifort mnd gfur knkait si/ik cArt i w 

chromium atom makes covalent Units with the oxygens of the 
hydroxyl groups and obtains a dative covalcncy from one of the 
ni tr o g e n s at the same time showing a negative electnc charge. 
It follows that the mordant/dye complex has the character of an 
oad dye, which can react with wool by making salt linkages with 
aiTuno-groupa of the protein The d3rc generally possesses aul 
phomc groups (not shown m the akdeton formula) which again 
are aadic and can react m the same way ^ Thus the mordant/dye 
complex reacts with positively-charged groups m the wool or 
indeed may even be hdd m place by the mere fact that it fonns too 
large a particle to escape from the pores of the wool,*** There is 
strong evidence thst one chromium atom reacts with two mole- 
cules of the dye,*** but this is not represented m the amplified 
formula shown 

Long and complicated r esea rches havr led to the conclusion that 
the mordant/dye complex of the tcxtfic dyer is to be regarded os 
acting as though it were an acid dye, but in microtechnique we can 
generally tell whether any colouring agent is actmg as an aad or a 
basic dye by a momentary glance down the microscope. The fact m 
o 



210 


DTEING 


that most tissues of plants and ammali are extremely unlike wool 
An aadic lake would be useless to us (sec p 223) our mordant 
colours act as basic dyes, and are indispensable 

The chemistry of mordanting in microtechnique ts perhaps the 
most perplexing of all the subjects with which this book dcak 
The literature is scattered among journals seldom retd by any 
one person, and no senous attempt has ever previously been 
made to mtegratc our knowledge of the subject mto a compre- 
hensible whole The most convenient arrangement for the reader 
v-tmld be to start with a detailed description of the whole pro cess 
of attaching one particular dye \nth one particular mordant, and i 
facile story of this kmd could indeed be written In fact, however, 
we lack the knowledge necessary for a consecutive account of the 
whole process, loruzation of mordants has been beat described 
with the salts of chromium, lake-formation with thoee of alu 
miruura, and the attachment of metal to tissue with feme aahs 
different dyes must be chosen to ilhistiate particular points. In 
what follows no attempt will be made to push gtnerahxabon too 
far It IS better at the present time to disdose the gaps m our know 
ledgethantoputforwardaconaistenttheorytooconfidcntly Ccrtsin 
important facts and the rough outline of a synthesis will emerge. 

The mordants commonly used in microtechnique are salts, 
especially sulphates ofiron ahiminium andchromium Doublesul 
phates or ahims arc generally used. The use of ahims rather than 
simple sulphates is perhaps due m part to histoncal causes. Alums 
arc easily crystallized and therefore eiail) punfied from the rocks 
that contain them. Their use in dyeing has been known from rather 
remote limes.^^ Until about the rmddle of the fifteenth century the 
only rocks known to contam a suitable mordant were m Turkey 
but when Constantmopic had been captured by the Turks in 
1453, a fragment of the knowledge that escaped with the refugees 
to the west ern world concerned the recogruooo of suitable rocks 
and the mode of preparatton of the mordant. Alum was first mmed 
m Great Britain about the end of the ragn of Queen Ehzaheth I 

The ahims generally used are these — 

potassium alum Al|(S04)jJv^04.24H O, 
axtunoruum alum, AljfSO^), (NH4),S04.z4Hj0 
iron alum, Fe,(S04)^(NH4),S04Ji4H,0, 
chrome alum Cr^SOJjJC^O^j^HiO 
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The fonnulac can iIao be xmlten aa AlK^SOJ^iaHjO etc. 
but tlui method ihoWB the composttion leas welh There is no 
piupotc m conAtnictmg the formula m a way that will make the 
molecule appear aa small as poasible tmcc there are no molecules 
m the cryital and only ions m solution. 

Aluminium, feme, and chronuc sulphate act fumlarly to the 
ahims. There u no compelling reason why sulphates should be 
used in preference to other talcs. Feme chloride, for mstance, has 
been us^ aa a mordant for hacmatem.*’ 

The cation of the mordant salt, then, is the part that intere s ts 
us in microtechnique. The metal a m each case tervalent m these 
compounds, but the lona are complex The water of crystalhaation 
is partly bound up with the metaL For instance the feme cation 
that giTca the violet colour to a crystal of iron alum is 
[Fe{OHj)J*^ The chromic cation makes a crystal of chrome 
flhim almost black. \Vhen a bnlliant light is shone through a small 
crystal the colour is seen to be violet The red component is 
eakly seen when a small crystal u held against an dectnc light 
bulb The cation reapoosiile for the deep violet colour u 
[CrfOH|)J*** The water molecules are co-ordinated to the iron 
or chromium atoms by dative covalent bonds from their o xy g e u 
atoms. The metal may be deaenbed as sen -covalent 



Tin cMrvmt cation at a er^ttal of (home ohm 
■\Mien iron alum is dissolved m water the sohition is not wlet 
but yellow or brownish ydlow When chrome ahim is dissolved 
m hot water the solution u not violet but green. In both cases 
the solutions are quite strongly and The changes that occur m 
the cation have be^ careftiDy studied in the case of chromium A 
rH.Ov /OH T+ + 

H, 0-0— OH, 

Lh/>/\oh, J 

Tfu Ju un t i e eahom u « mtirtiom of (ia o m t 

hydrogen ion is lost from the catiomc complex ond goes off with 
one of the positive electnc charges, thus aadifying the solution 
and a second may follow suit *** Similar changes occur when iron 
alum disioKes, though the yellowish cttionic complexes produced 
are usually represented aa fFcOH] + and [Fc{OH)J 
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Alumjnmm bcha\C3 sirailarl), but both the simple sulplute and 
potfliaium alum arc colourless, and there is no productron of colow 
to call attention to the change in chemical composition of the 
cation on solution TTic catiomc complexes m solution arc usually 
represented at [AlOIl] * and [AI(OII)J 
The production of hydrogen ions in the course of these changes 
results m \‘ar}ing degrees of aciditj The following figures relate 
to solutions of the cry-stallme salts (ordinary laboratory chenneah, 


as used in microtechnique) — 

pH 

chrome alum, 5^0 

iS 

iron alum, 5"o 

>•9 

‘S\ 

2 1 

potassium alum, 

33 


The complex cations that \\x hare been discussing, m soluliocs 
rendered aad by the act of dutsolnng, arc the cssenual part of the 
mordant — the part that must react with the dye and with the tissue, 
•0 os to lea\c a link between them As we baic seen, the attach- 
ment wth the d)x can occur either before or after the mordant 
metal has fixed itself to the tissue. It nWH be con\ cnicnt to eonader 
first the nature of a soluble bde os used m the single bath process, 
that IS to say , we shall forget the tissue for the moment and thmk 
only of the reaction of the dye with the mordant- 
Dyes that form lake* possess a phenolic -OH group which 
plays on important part in lake-formation Sodium hydroxide will 
react with phenol to form sodmm phenolatc and water and feme 
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iron wiH react in a comparsblc way A much firmer bond can be 
made between certain phenols and iron, however because they 
can proMde a second link with the metiL For instance, sabeyhe 
tetd reacts with won m the way just deacribed the metal replacing 
the hydrogen of the phenolic -OH group This happens when 
saheyhe aad is treated with feim chlonde. This, however a not 
all that happens,*** The organic aad baa an oxygen atom con- 
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veniently situtted to donate electroni to an mm atom that has re 
placed the hydrogen of the -OH group Thus a dative covalency is 
formed, as la shown in the formula by an arrow and the iron atom 
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a now gripped by a pair of pincers. It will be noticed that the iron 
atom now forms part of a tii membered nng the atoms bang m 
this order — iron oxygen carbon carbon, carbon oxygen 
Actually the iron atom is gripped by three pans of pmeen (though 
this fact IS not shown in the formula) for the iron atom can 
replace hydrogen in three molecules of sahcylic acid, each of 
which can form a second bond with the iron through an o xyg e n 
of Its carboxyl group 

To achieve thu result, one must have a bi or nmltivslent metal 
that a capable of forming covalent bonds, and an orgamc com- 
pound that possesses both a hydrogen atom replactahle by the 
metal and also a donor atom (here oxygen) capohle of donating 
electrons to the metal to form a second link. These are exactly the 
conditions that are fulfilled when a lake is made. This fiict was 
first rcalixed nearly half a century ago by the celebrated Swiss 
chemist, Werner in 1908 though naturally he did not express 
himself m terms of the electronic theory of valency He realized 
that the mordants were salts of metals that could form amfre 
Komplexjalxt and he quoted [Cr(OH,) JX, (X standing for the 
anion) The fact that chromium u capable of recaving dative 
bonds II implied by the fo rmu la he wrote, for as we have seen nx 
molecules of water are co-ordmated to the metal through their 
o x y g en atoms Werner e x pr e ssed himself thus — From the re- 
ported results of the expenments it can no longer be doubtful 
that the firopcrty of chemical compounds to connect with mordants 
depends upon the property of the latter to form internal metal 
complex salts. Of the other partner to the transaction he wrote, 
Dyes that connect with mordants arc hereafter constitutionally 
charactemtd by the fact that a salt forming group and a group 
capable of producing a co-ordinate bond with the metal atom are 
so tminged that an internal metal-complex salt can originate *** 
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It IS fitting that the man who was afterwards to receive the Nobel 
Prize for his co-ordination theory of valcnc> was the fim person to 
grasp the essentials of lake-formation 

The chcmiBtiy of this process was subscqucntlj studied by two 
Bntiih chemists, Morgan and Smith,*** to whom we owe the 
cxprcssiv’c term chelate* for the pinccr like gnp in which a dye 
holds the mordant metal Thc> took the \vord from the snalogy 
with the chela of a lobster 

It now remains to look for the phenolic -OH group and nearby 
donor ox)*gcn m the d)*c3 that form lakes Alisannc prondcs a \*eiy 
simple example A phenolic -OH u close beside a suitable oirgen 
atom and a six membered nng (aluminium, oxj'gen, carbon, car 


o 

\/\/\^ 01 

O 0!I 


AlamTwe 


O 



M 

Ahttnat th n r m m le)it 


bon carbon, oxygen) is readily formed (The alurmnnim atom is 
capable of linking with three alizarine rnolcculcs.) One has only 
to look at the formula for corminic aad on p 177 to see that it a 
capable of acting m exactly the same way 

It 15 important to notice that the metal atom (whether alunun 
Him chroOTum. or feme iron) makes two different kinds of links 
with the dye These links may for convenience be called pnmaiy 
and secondary The primary link is made by the substitution of 
the metal for a hydrogen atom m an acidic -OH group. It b 
reasonable to suppose that this primary linkage is imtiaJly electro- 
valent, though It may be repbe^ by a somewhat polar covalcncv 
The secondary link is the dative covaicney with the electron 
donor oxygen atom The cation could make room for such t 
covalency by losing one of the -OHj or -OH groups held to the 
metal by ‘subsidiary’ valcnacs (See the formulae for chromic 
cations on p 211 ) 

It was pointed out nearly 70 years ago that many anthm 
quinone dyes that can be used with mordants have two phei^c 
-OH groups m ortAo-relitionahip to one another and it was at nrrt 
thought that these gnpped Ac metal The action of the sccon 
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“OH group IS not dear*** and Indeed it i» absent m lac-dye, 
which works with mordants. 

In the absence of a nearby donor ax}*gen atom, two -OH groups 
can form chelate compounda with iron. Certain denvatives of 
catechol provide emrnples of this.*** It is therefore mterestmg to 

HO 

“0 

Caterhol 

find two -OH groups m this position in haematein (p 173) which, 
however also possesses a phenolic -OH in close proxumty to a 
donor orygen, in another part of the molecule. 

The oiasine dyes that work with mordanta also possess the 
necessary groupings for the formanon of chelate bonds with 



metals, though perhaps m a somewhat disguised form The 
formula for gaUoeyanme is printed here m such a way ai to env 
phisizc the relationahip with other mordant dyes. 

Haematein carmimc aod, and the mordant oxarmes are all 
amphoteric dyes. Indeed one would suspect this from a glance at 
their chemical formulae GoUamincbluc for instance presents two 
basic groups (-NH, and -N(CH,)t) and two aadic (-OH) The 
iso-electric point of haematem is about pH 6*5 of cannmic aad 
about pH 4*3 of gallocyanmc and gallaraine blue about pH 4 i 
The lakes arc in all cases basic throughout the pH range m which 
they ere used and they act like basic dyes apart from their com- 
plete msolubflity in neutral fluids after they halt once attached 
themselves to the tissues. The posttrve charge on the lakes can be 
proved by cataphoretic cxpeiimcnti,***' *** 

Sometimes a dye-lakc baa 5 colour that n different from that of 
its parent dye. TTiua haematein b jcUowuh at about pH r and 
changes its colour towards orange and dirty red os aadity lessens 
towards ncutraliU butthcalutmmum lake is bhicand the charac- 
tensiic iron lake dark blue or blue black. Cannmic acid is some 
what less affected, for the dye by itself whether m acid or alkaline 
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solution, IS red, nnd the alumintum lake cnmsoru The oxannc dyes 
arc stiU less aflfcctcd in colour by combination ^^th mordants. 
The oDcannc dyes do not generally work wcB if applied in simple 
solution after mordantiog and the single hith method a 
commonly used mth them Carmmic aad forms very stable 
soluble lakes, and here again the single-bath method is appro- 
priate Hacmatcin can be used os a soluble lake, but the two-bath 
method IS gcncrall) used tvhen iron » the mordant for this dye. 
In Hansen s so-called Tnex^hSmatnn the dye is mixed with 
the iron mordant, but precipitation is liable to occur unless pre 
cautions ore taken It was Ehrbch who first overcame the 
instabfliQr of the alumiruum baematein lake by the addition of 
acetic acid The effect is to keep the d>*e separate from the mordant 
The acidified soluuon shows the reddish colour of the dye, not the 
blue of the lake How the aad acts is not perfectly dear The 
mordants themselves, as have seen (p 212), arc thansdm 
strongly aad It must be presumed that the additional hydrogen 
10ns stop the loss of hj-drogen from the phenolic -OH group of the 
dye and thus prevent its replacement b) the metal of the morfint 
(Seep 221 ) 

Strong aad is needed to pm'cnt the formation of an iron lake 
or break rt when once formed Sulphunc aad miy be added at 
2% to prc^•ent the preapitation of the iron like of coelcstme 
blue *** Since this lake hss the same colour as the dye, the course 
of c%’ents is not so easy to follow as when alutnmmm and haemstem 
are kept apart by aadrty and then allovrd to jom b} neutralaation 
With iron and aielestmc blue the tissue/mordant/dyc complct can 
be formed without removal of the aad The presence of tissue 
seems to favour the formation of the lake. 

It IS a cunous fact that some hkes have greater powers of 
penetration than their parent dyes. Thus gallamme blue diffuses 
mto gelatine more slowly than its lake with chrome alum ^ It is 
c\adent that the dye bj itsdf u somewhat a ggre g a ted, and that the 
mordant disperses it 

We turn now to the attachment of the metal to the tmue. 

It ts desirable to say at the outset that the mctil will eventually 
be held to the tissues by bonds that arc very similar to those that 
hold It to the dye. The primary linkage a with aadic gic«^ 
m the tissues, and this a the reason wh> dye lakes act as though 
they were basic dyes. 
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The attachment of metal to biological matcml ha# been 
apecialiy studied by Wiggleawortlx.”* Scctioni of tissues fixed m 
vanous routine fixative* were placed m solution* of iron ahim 
and then tvoahed m water the places where the metal had become 
attached were made vitible by treating the lecuona with ammo- 
nium sulphide and thus producing dark sulphide of iron A careful 
survey of the resulting slide* suggests strongly that the metal is 
taken up by the aadic groups m the tueue, notably the phosphoric 


groups of the nucleic acids and the 



groups of proteins. 


The chromatin (eapecially that of chromosomes) ta darkened 
This 1* partly the result of thcir nucleic aad content but when 
the nucleic aada have been removed by treatment with hot tn 
chloracctic aad the colour stiU develops by reaction of the iron 
with the protein component of the nuclcoprottm- 

The reaction with different protana ta iHuininating Thua 
myosine, which contain* many sadic group*, t* strongly darkened, 
while salmine, which lacka such groups, is *carcely touched other 
substances acidic in varying degree* ahow, with one or two 
exceptiona, a degree of darkening proportional to their acidity 

If the carboxyl groups m the proton* are methylated by pro 
longed imracraion m aadificd metbvl alcohol the uptake of iron 
w much reduced Deamination by fonnaldthydc has, on the con- 
trary no such effect, and it is thu* clear that the -NH, groups arc 
not copc e med 

Iron 15 taken up fairly strongly by the proteina of ground evto- 
plaam, but not nearly *0 atrongly as by chromatin also in certain 
circumstance*, by clattm (p 233) also, though feebly bycoUagai. 
Iron haeinatcin colour* these tissue-constituents brown in con 
trast to the bbek or blue-black of chromatin. MQllcndorff*** 
claimed that iron haematem gave black when it acted as a pre- 
cipitant dye, and brown when it permeated an object evenly 
(p 197) The two contrasting colours resemble those produced 
i^cn ammonium sulphide la substituted for haematem ^ A 
completely satisfactory explanation of these fact* has not yet been 
given 

There can be little doubt that iron is also bound by the pbo*- 
phonc groups of phospholipid* if the fixation and after treatment 
have been adapted to the retention of these substance* It ha* been 
•hown that after all the RNA baa been removed from the tissue* by 
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ribonuclcase, the mitochoodna arc still colourable by iron 
hacmatcin thxs has been attributed to thar hpoprotem con 
tent.”^ Other aadic hpids besides phosphohpid* may perhip* 
also bind iron^ but the idea that iron haeiuatem attaches itself to 
nothing m cells except aadic lipids is untenable. 

Presumably the catiomc iron complex first males a salt 
linkage with the available aadic groups, but the dmnetenstK 
rcactKma of feme iron arc not given and it is thought that t 
non-iomnng complex is formed with adjacent carboxyl and 
hydroxyl groups.^ 

When iron has been taken up by the tissues, the compound into 
which It has entered is readily broken down by ammonium sul- 
phide and It appears once more m an ionic form. E\'Ciytlung a at 
first coloured blue or blue-grey, but when the section is washed 
m water and thus earposed to atmosphcnc oxygen, an interesting 
differentiation occurs. Certain parts, such as the chromatin, 
remain blue or bluish, while o^ers, such as collagen and the 
contractile substance of musde, be c o m e brown It a thcaight that 
the iron is ferrous in the one case, feme m the other At first 
the iron appears everywhere as ferrous sulphide, and remams 
as such wh er ev er there are reducers (sudi as sulphydiyl groups) 
m the protons or other cellular constituents, but where there 
are not, oxidation can occur with development of a hrovm 
colour 

There is a contrast between the uptake of iron on one hand and 
of chromium and ahimmiura on the other The two latter metals 
attach themselves only abghtly to the proteins of the cytoplasm, 
and scarcely at all to elastin.*" They also have much less tendency 
than iron to attach thcmsel\‘cs to bpids (though amomc duomium 
make* bonds with these see pp 107 128) It is for these reason* 
that iTc choose iron haematem to show mitochondria and certara 
other cytoplasmic mdusions, but alummium haematem or chrome 
orazmc when wc want to colour chromatm and little else. 

The attachment of the chromic cation to tusue-constitucnt* has 
not been studied m detail. We have some information about its 
behaviour in the dyeing of textfics, although, as wa» mentioned 
abo\*e, most of the research on the chemistiy of mordanting 
ha* been done with amomc chromium- It is thou^t that the 
attachment 1* by covalent linkage*. Various groups m the protein 
of wool are thought to displace water or OH or both from thar 
attachment to chromium in the cationic chrome complex, end to 
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co-ordinate witli the metal m thar place. The hydroxyl, ammo- 
and amido-groups of the protein arc mentioned m thii con 
nenon,^” It i* alio claimed that 'where two proton chains arc held 
together by an -S-S- bond, this may be split apart with produc- 
tion of two -SH group#, and these, reacting with the chromium 
atom, may cause the latter to act as a new ImV between the protem 
chains, It will be remembered, however that the dyeing of wool 
13 earned out at high temperatures 

In biological preparaoona rt u certam that the phosphoric 
groups of the micloc aads and the aadic groups of certam muco- 
substances make attachment with the chromium mordant more 
readily than protons, especially at low and this also apphes 

to alummiunu 

It will be noticed that the attachment of mordants to tissues u a 
very complicated p r oce ss , of which we have as yet only an impcr 
feet und osla ndmg The ststement is commonly made in chemical 
textbooks that the mordant metals arc deposited m textile fibres as 
gdatmous, insoluble hydroxides. This is not only an ext re m e over- 
snnphfication but quite untrue. Notber m textiles nor m ordinary 
biological material are the metals deposited in iba way Had the 
statement been true, there could be no question of that delicately 
differential tymg up of the metals with particular tissue constitu 
ents that toakes mordants so m>'aluable m microtechnique. 
There is no gdatmous mass pervading our sectiona. If there had 
been, its combination with a dye would have rendered micro- 
scopical study impossible. 

Lakes can be used pro g re ssi vd) Hansen s iron haematein and 
the oxaime lakes are ordinarily used in this wav It is, however 
almost m%’anable to work regrcssii'dy when mordant and d)*e arc 
applied separately 

There are three separate methods bj which differentiation can 
be earned out when mordant-d\-cs ore used regressn'dy The 
agents used are mordants, acids, and oxidiang agents. 

The tmue/mordant/dyc complex is broken b) excess of the 
mordant. The dye distnbutcs itsdf partly as a soluble lake with 
the free mordant and parti) as a component of the insoluble 
complex and since the amount of mordant in the complex is 
small in comparison tnth the amount m the differentutmg fluid 
nearly all of the d\*c wiT rvcntuall) associate itself with the latter 
if enough time be allowed Since there will be much d)^ m some 
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tissue constituents (the chromosomes, for instance) and less in 
others (such as the cytoplasm), a particular degree of differentia 
Don will leave no visible dye m certain parts though others remain 
strongly coloureds 

Since a mordant will contmue to extract dye even when it has 
already taken up a c erta in amount of rt, but will colour tissues 
powerfully if it is heavily laden with dye, there must be an inter 
mediate amoimt of dye that will cause strong colouring of btsiphil 
objects but not of those that have less affinity for the lake. This ex- 
plains the facility with which certain lakea can be used Grcnachers 
ahim carmme and Mayer s carroalum may be quoted as 
familiar examples. Chromatin is coloured, but cytoplasm has little 
tendency to take up the lake. As a result the exact penod of dyeing 
IS unimportant. 'I^cse dyes are particularly surtahle for whole 
mounts Since too strong coloradon does not occur easily, the 
outer parts of a piece of tissue are not dyed very differently from 
the mtenor 

It IS mt er es tin g to notice the rclati\*e amounts of metal and dye 
m such fluids as these. The weight of potassium ahun ciystals that 
contains one atomic weight m grams of alummnim is almost 
exactly equal to one gram molecular weight of canmnic tad- 
Therrfore, if one wished to have a solution with 3 times as many 
dye molecules as aluminium atoms so as to combme as much 
dye as is theoretically possible with the metal, one would take 
3 g of carmimc aad to i g of ahim crystals. Now Mayer • 
carmalum only contains o-i g of cannmic aad to i g of ahun 
crystaU . 

If the amount of potassmm alum m Mayer’s carmalum is re- 
duced by one half prcapitaDon eventually occurs. It is evident 
that a dye-lake only remains m permanent solution if the mordant 
IS present m great excess 

When a piece of tissue is mordanted with iron alum and then 
treated with haematein elastic fibres are not coloured. When, 
however, the dyed tissue is put once more into iron ahim these 
fibres take up the colour This shows that dunng differentia- 
tion by the mordant a soluble is formed, which is capable 
m certam circumstances of dyeing and also that the dye-lake 
penetrates the elastic fibres more easily than its two components 
separately 

The diffcrcnteiDon of mordant-dyes by aads is more comph 
cated than that by mordants Both the links m the tissuc/mordant/ 
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djx complex mty be attacked. When a dye hti a different colour 
from Its lake, it is easy to sec that aadity undoes the bond between 
mordant and dye. Alumiruum hacmatein, for instance, is blue, but 
when the lake is undone by the addiOon of a little acetic aad (as in 
Ehrbcb • haematcm,'” for instance) the colour of the dye itself u 
seen It must be supposed that the hydroxyl group of the dye, 
which lost a hydrogen ion to form one half of the chela that holds 
the metal m its pmccr grip is reconstituted m strongly aad 
solution The anion of the differentiating aad also plays a part for 
It must be one that does not make an insoluble salt by reaction 
with the released catioruc complex. Acetic and hydrochlonc aads 
are generally used Neither of these forms an insoluble salt with 
iron or alumimum. 

The hydrogen ions of the differentiating aad presumably tend 
to reconstitute, m umonaed form those aadic groups m the tissue 
(phosphonc, carboxyl, hydroxyl, etc.) that were lomxed when they 
made their first contact with the cationic metal complex. The re 
actions, however must be more complex than these few words 
suggest. The bonds of the metal with the dye and wrth the tissue 
are not, m their final forms, clectrovaleuL Further it must be re- 
membered that the mordant solutions themselves m the absence 
of added add, have already quite a low pH (p 21a) and dye lakes 
are nevertheless taken up by the tissues from such solutions. The 
addition of weak aads to mordant solutions does not have a big 
effect on pH For instance, 5% potassium alum shows a pH of 3 2 
^ 3% of glacial acetic aad is added the figure only falls to 2 45 
if 5% to 2 3 Now 5% chrome alum and 5% iron ohira by them 
»el\-es (p 212) are considerably more aad than 5% potassium 
alum aadified in this way, yet their low pH docs not prci*cnt 
d>ting 

Another problem is presented by the pecuhar resistance of the 
tjssue/lroo/haematein complex to aadity Quite strong sad must 
be used to break this bond This fact is very useful m microtedi 
mque, for wc can use ireak aads in subsequent procedures without 
rcram-lng the lake from chroinatm but the reason for the difference 
from other lakes is not obnous. \\ c hai'c not yet a full explanation 
of the actron of aads m loosening the tisiuc/mordant and mordant/ 
dj-c bonds that are formed m the ordinary processes of micro- 
technique It IS probable that ive should ha\-e bad a better insight 
into It if there had been anj process corresponding to differentia 
tjon m the d}cing of textile fibres. In industry howci'cr there 
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would be no purpoac m trying to colour one part of one cell (in 
wool, for inftance) with a dye, while leaving another part colour 
less and that ib the whole purpose of differcntiitioa m ordmiry 
rrucrotcchnique 

Benda ^ long ago dotinguiabed oxydtrtnden from 
idsndm differcnuatora of mordant dyea. Ktnfack u not a happily 
chosen word, yet the diatinctioa la on the whole a useful one, 
Potaaamm permanganate haa been used ta an oxidmng differcmia- 
tor, and ordinary bleaching agenta arc also availahlc for the pur- 
pose, The dye la presumably oxidized to a colourless eubstince 
The effect is one of differentiation because certain objects contain 
so much dyed matter that they atilJ hold plenty of it when the 
background has lost all visible trace It has also been suggested 
that ocodmng diffcccntistcore msy act on the metal of the mordant 
Chromium tnonde haa been used as a differentiator of iron 
haematein “ Here one cannot be certain of the relative r6Ica played 
by oxidatioa and tadit) The same applies to picnc aad, which 
15 a moderate oxidizer and a weak aad. It differentiates iron 
haenistexn slowly ^ 

Another ondiiang differentiator is potaasium femcj'aiudc. This 
is used after tissues have been mordanted with potassium di- 
chromate and then dyed with bacmatcun The technique was intro- 
duced by Weigert for the colouring of myelin, and subsequently 
perfected as a bistochemical test for phospholipids,^®’^* The 
mordant is amomc chromium, which acts very differently from 
the cationic complexes that we have been considering m this 
chapter The attachment of the metal to phospholipids has been 
diacuased m the part of the book that deals with fuiation (p 130) 
The ondizcr seems to act partly at least, upon the fracoon of 
the hacmatem that has been taken up by the tissues directly 
not m the form of a lake. This fechmquc docs not provide a 
typical example of the action of an oxidizing diffcrentiatar on a 
lake. 

From what has been said it will be dear that a mordant is a salt, 
the metal of which can combine with certain tissue-constituentt 
and can also be held m the chela-gnp of certam tad dyes. It wiH 
have suggested itself to the reader that a converse to a mordant 
might emt, an sadic substance that couJd be taken up by 
tissue-constituents and could also be linked to basic dyes. Such 
converse mordants do m fact exist. Many basic dyes that are 
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funibar in microtechnique arc used m this tvay m the textile 
industry Tannic aad is often used os intermcdiar} between 6brc 
and basic d> e. Cotton and linen ha\ e a renurkable power of taking 
up this aad from aqueous aohrtions, and they can tubsequcntly be 
coloured by basic dyes, for which they have no direct afRmty The 
compound between tannic aad and a basic dye has not howc\er 
the chemical complexity of a lake. The word mordant loses some 
of Its meamng if used to include tannic aad and a trailar substances 
There is a suggestion of similarities that do not exist even m 
converse form 

Tannic aad and similar mtennedianet arc only occasionalh 
used m this way in microtechnique The reason is this The tosucs 
consist as a general rule of an ampbotenc background with aodic 
(basiphfl) substances (especially chromatin) distnbuted m it in 
the form of separate objects One first colours these separate 
objects with a basic dst or lake and then the background with an 
aad dye The \TiIue of a lake is that it is insoluble and does not 
dissolve while the aad dye is actmg A conierse to a lake would 
only be useful if the separate objects m cells were basic (aadophit) 
and \?e wished to dye them with an insoluble substance btfore 
colounng the background with a basic dj'c 

Tannic aad is occasionally used in quite a different way to 
prevent the escape of a basic dye that has alread) attached itself to 
an aadic object Any dj e that began to dissolve out would at once 
be preapitated A blo^ smear dyed with methylene blue/eosm, 
for initince, rmn be treated with a solution of tannic aad,*** and 
tho Will retard or prct*cnt the subsequent loss of methylene blue 
from chromatin The d) c attaches iisdf m accordance with its own 
electric charge and those of the Dtsuc-constilucnts and the tannic 
aad merely traps it There u here a strong contrast to the aaion of 
mordants. When a mordant is used the distnbulion of the colour 
in the finished preparaDon depends on the affinitj of the \*anous 
tttme-constjtuents for the raeuL 

The use of iodine bj Cram to hold gentian \nolci in certain 
Iwrtcru ts the most celebrated example of the use of trapping 
agents In microtechnique The method was mi-cnted by the 
Danish pathologist m 1884 by accident It was hu intention to 
introduce a double colounng technique for disea^ kidneys con- 
taining casts (//omn /ifKffTTi) in the tubules He intended that 
chromatin should be blue with genian violet and the casts brown 
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With iodine dissolved in potassnim iodide solution. Gram t hope 
was not realized, for the d)c disappeared quickly from the sections 
on subsequent treatment with alcohol ijjckily for the cause of 
bacteriology however he decided to find whether the dye would 
again be qmcUy lost if the same method were applied to other 
organs, and he chose some that were infected with bactena. The 
result was startling for the bactena were intense^ d^ed by the 
gentian \’ioIct, while all the tissue-constituents of the host organism 
lost every trace of blue in the olcobol used for differentiation Tims 
the bactena ww rendered more easily \Tsjble than had previously 
been possible 

Gram found that only certain particular kinds of bactena lost 
their blue colour m the alcohol and this fact became the basis of 
an important technique for distinguishing bactena as Gram- 
pcsitiTC and Gram negative. The m^od is stfll used m 0 slightly 
modified form to the present daj Crystal \ioI« is ususJIy sub- 
stituted for gentian Molet, which is a t-anablc mixture of the fonner 
with related dyes. Another dye, of a contrasting colour is often 
used subsequently This tends to diagune or displace the dye 
trapped by lodme, and the term ‘true Gram poaatrvc’ is some 
times reatneted to those bactena or other objects that retain the 
colour of the first dye when the second has been applied, and 
when 95% alcohol has been allowed to act subsequently for 
a certom penod. There is, however, a large subjective dement 
m all this, for the penods m the vanoui fluids arc arbitrarity 
chosen. 

Most basic dyes can be substituted for gentian violet m Gram s 
technique pronded that a second dye u not used subsequently 
Only eight are known, however, that give a satisfactory true 
Gram posiln e reaction, and these are tU tnaiylmcthancs,*** It 
was formerly held that paituosanilmca were suitable, wh 3 e 
rosamlmca were not.**^ It may be recollected that rosanSine has a 
methyl group atta<dicd to one of the three aryl rings, whBc 
pararosanihne lacks this (p 159) Dahlia, however is one of the 
eight dyes that give a satisfactory ‘true Gram positive j'Ct this ts 
one of the rosanilines, for it possesses the methyl group 

Gram positive and Gram negative bactena can be dxstmguisbed 
by the use of crystal violet alone, without anv trapping agent. 
The differentiation m alcohol is so difficult, however, that 
the technique is not suitable for routine use m the bacterio- 
logical laboratory It seetna that lodme is used because it is 
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extremely convement rather than because it is theoretically 
necessary 

There is very strong evidence that the substance that retains 
crystal violet m Gram positive bacteria is a ribonucleopro- 
tem, •“■***’ ** It may be mentioned, however that this is not 
undisputed ^ It is certain that a positive Gram reaction does not 
always denote the presence of RNA- Indeed one would not expect 
this to be so for crystal violet viillbeha\*c hVc other basic dves and 
u likely to be held by iodine wherever its affinity for aadic objects 
has caused it to be present m particulariy large amount In the 
•perinatoioon of Atcaru for instance, there is a large cjtoplasmic 
inclusion, the refnngcnt cone', which is an object consisting of 
highly aadic (basiphfl) protons. This naturally takes up a lot of 
crystal violet and is strongly Gram-posrtive *** It contains no RiSA 
whatever 

'Hie use of lodme to trap gentan violet m chromatin and thus 
allow slower differentiation in alcohol was mtroduced by Her 
maim,®* whose technique involved the use of another dye as 
well Gentian and crystal violets, trapped by iodine, are much 
used m modem chromosome studies.**’ *’*'** The method 
IS valuable, for the cytoplasm is of glassy tmisparenc) while 
the dehcate chromosomal threads of early moosis retain the 
dye. 

Iodine IS the most famriiwr trapping agent It is seldom used m 
its bhic, molecular form but is nearly always dissohTd in aqueous 
potasarum iodide solution and thus presents itself as brown potas 
tram tn iodide, KI,. Vanmis other trapping agents are available, 
•uch os bromme mercunc iodide, mcrcunc chloride, potassmm 
P^roraiganate, and picne sad In vital studies, as wc shall 
(P >M) ammonium molybdate is used to trap methylene 
blue. It IS characteristic of all trappmg agents that they preapitate 
^®t*ra dye* from aqueous solutions, and that the preaprtated 
uiatcnal has a low solubility m alcohol Thus crystal violet is 
freely soluble m 95% alcohol, but the cryital violct/potassium tn 
iodide preapitate will only dissolve at concentrations up to 0-07% 
The crystal violct/potassiuiti permanganate preapitate is even less 
soluble (up to 0*02%) AH basic dyes that ha\-e been tested arc 
preaprtated by lodmc, but a few of the preapitatcs are fairly 
soluble m 95®^ alcohol Thus the neutral red preapitate dissohxs 

0*43% and the rhodaminc B at o 61^^. These dyes would not be 
selected for work with trapping agents. Vci} few aad dyes arc 
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exactly the same as those coloured by the dye alone, Thu appears 
to be the opinion of Panijel,*® who has made a careful study of 
crystal violet trapped by iodine. We have, however no knowledge 
of the chemical rcactiona mvolved, if mdeed the triple complex is 
actually formed. 



CHAPTER 12 


The D^erential Action of Dyes 


The purpoee of dyang in microtechnique is nearly ihrays to 
obtain coniTtut between the constituent parts of an object If a dye 
were perfectly diffuse in action, the whole of a section or other 
microscopical preparation would be uniformly coloured by it 
This result is not produced by any dyc> for ccrtam parts of the 
Bpccimen arc always somewhat more strongly coloured than others, 
even by the most diffuse aad dyea The mere production of con 
trast between the spearacn as a whole and its surroundings is 
seldom useful, though plankton orgamams (for instance) may 
sometimes be dyed mth no other intention than this, when the 
dettred end is recognition by ottemaJ characters rather than study 
of mtcmal structure. 

We have seen in chapter to that the different objects m a 
preparation may take up different amounts of the same dye, and 
that different dyes (a typical basic and a typical aad dye, for m 
stance) may attach thcmisclves differently to the tame object, that 
18 to say, one dye may dye it deeply, another slightly or not at aJh 

It It now necessary to consider in greater detafl the way m 
which dyea may be us^ to give striking contrasts and thus exhibit 
dearly the diversity of the parts of a microscopical preparatioxL. 

There may be chemical or physical reasons for the stronger 
coloration of a paracular object It may be dyed strongly ftiMer 
because it possesses many chemical groups capable of reacting 
with the particular dye used, or became there it a lot of colourable 
matter m it per unit volume (that » to say, because it is very dense 
m the physical sense) or because it is easily permeable by the dye 
used, while other tiasue-conttrtucnts arc more difficult to penetrate. 
In short, depth of coloration is affected by 
dfjuttyt and pcrpteainlify 

The matter is complicated because these three factors may 
other act together or mtagonixc one another Thus chromatin is 
chemically reactive (baaiphil), dense, and permcahle, and therc- 

aaS 
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fore ea*ily dyed red blood corpuscles ore chemiadly reaettve 
(todophil) and dense, but relotivtly unpenneable and therefore 
not e^y dyed except by easily diffusing dye* Also, different 
dyt» are differently affected bT the chemical affinity and penne- 
abdity of the various tissue-constituent*. The msttcr mil be 
analysed by a separate conuderation of each of the three factor* 
affecting intensity of colouring 

Ckamcal Affimty 

The simplest way of getting sharp colour contrast* is to take 
advantage of different iffiomcal affiniUe* by using a basic and an 
aad dye in succession. Not cverv pair of colours is suitable how 
ever It is an interesting fact that ytDow basic dye* are scarcely 
ever used. This ha* come about by a process of natural selection^ 
and no one s ee ms to have mentioned the subject. The reason 
18 cunous, Basic dyes ore above all dves for chromatuif and 
chromatin exists in the form of separate objects in cells and never 
forms a background against which other cellular constituents are 
viewed. It ts therefore desirable to stain it darhi^ end to use a 
light dye for the background Now when the colour recep tOT S ra 
our eyes receive light near the middle of the spectrum, m the 
region of the yellow and greenish yellcrw they are stnnulated in 
such a way that the colour appear* highly hmsaturated that is to 
say in this region of the spectrum there u an appearance of the 
adulteration of the light by whiteness and thus the colours appear 
pale, while the region* toward* the end* of the spectrum ore not 
dfluted m this way It would never enter anyone* head, there- 
fore, to sum chromosome* ydlow and surround these objects on 
all sides wrth cytoplasm stained blue, for the bbe would make il 
difficult to aee the diromosomc* "We therefore choose our baste 
dye* from the region* towards the ends of the spectrum, while 
we usually avoid the ends when choosing our background dyes, 
\\Tien a bltck dye ts used to colour chromatm (uxin hacinat 
an for instance) any aad dye used merely to colour the back 
ground must »omcwhat reduce the commit. 

It might be supposed that we only needed one basic and one 
aad dye. It is true that we could dispense with many that sre used, 
without detriment ncN-crthcIes* we could not Imut oursdves to 
two Differences of chemKal affint^ among aad d)*e* and among 
basic di’cs account in part foe this fact, though difference* vn 
capacity to penetrate arc more important (p. 334X 



DYEING 


230 

A good cxainple of « difTcrcncc in chemical affinity among dye* 
w seen in the colounng of cellulose cell walk Mo*t Bad djTs 
ha\c no affinity for these thty act chiefly by the linking of their 
amon* to the ammo- and other basic group* of proteins. A* we 
have seen, hmw'cr (p 199). Congo red and some other dyes arc 
able to act in quite a different way b) forming hydrogen bond* ^rth 
the hjdrojcyl groups of cellulose 

Certam basic dyes used in pairs exhibit small differences in 
affinity that can rc^t in \xry noticeable differences in effect The 
most fomdiar example is the mixture of mcth)l green (tnaryl- 
methone) and pyronmc G (xanthcnc) This was introduced by 
Pappenhcira,**^** who showed that the basiphfl cytoplasm of 
certain leucocyte* could be coloured red with pyronmc, whik 
chromaun became gree n or bluish green Thus two basic d)’es 
coloured two basiphfl *ub*tancc8 dflTcrcntl) The method wa* 
impro\ed by Unna,*’* whoec formula included phenol There u no 
full and univcraally accepted explanation of the results obtained 
with Unna s mixture and it* modem \xmant», but the following 
fact* are rclei'ant 

It iviU be remembered that if a basic d)*c be used at t'anous 
levels of pH, certain tissuc-consutuent* show tbcmselve* copablc 
of combination with it even in very aad solution, while other* are 
more sensitive to aadity and rcoct with the dye only at somewhat 
higher pH (p 194) Now if two basic dye* differed somewhat m 
their enpaaty to bmd themsclvc* to object* at a particukr pH it 
should be possible for a mixture of them to give differential 
colounng 

If the usual mixture of the two dje* be used at pH i 5 the 
pyronmc predominates everywhere over the meth)l green, the 
converse is true at pH 9 3 At intermediate pH both dye* act, but 
not equally on all tissue constituents.^''^* One sec* now how 
Unna hit on the use of phenol by empirical expenments, for rt 
give* the weak oadity t^t allow* both dy-c* to act, and to act 
differentially It is u*ual nowaday* to buffer at pH 47 or 4 8 ••• 

At the appropriate pH, duomatin u coloured mainly by the 
methyl green tnd appears green blue green or blue, while nucleoh 
and bosiphil cytoplasm arc red with pyromne. It u usually RNA 
that bin^ the red dye, but thi* must be confirmed by failure to 
colour after the use of nbonudeasc. (For a very convenient source 
of thi* enryme, sec Bradbury •’) Similarly reliance must not be 
placed on methyl green as an indicator of the pretence of DN A, for 
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as a basic dye it has general affim^ for aadic tissue-constituents. 
Some objects that do not contain DNA have a veiy marked 
affinity for this dye. Certain globules in the Vitellme glands of the 
hver flute, Faxaola^ are an example.*** Attempt* to raise this dye 
to the atatiu of a histochemical reagent arc misplaced For a full 
discuauon of tins subject, see Sandnttcr **’ 

It is claimed that pyronmc has a strong affimty for nucleic 
acid* that are dcpolymenaed and methyl green for those that are 
highly polymcnxed, and that the distinctive reactions arc due to 
the fact that RNA occurs m the tissues m a feebly polymemed 
and DNA in a highly polymemed form It 11 not known why the 
two dyes should differ m this respect 1/ m fact they do It » to be 
remaiked that in the absence of pyronme, methyl green will 
colour the chromatm m msuea that have been subjected to a 
suffiaent deg r ee of aadity to dqiolymenxe DNA.*** 

Certam dyes are mctaciuomaoc, that is to say they arc capable 
of jxnparting one colour to certam object* and another to other*. 
Tha forms an important distinction between one dye and another 
but the difference is not exactly one of affinity and metachromasy 
win therefore be considered aepantely (p 243) 

Vfrmty 

Author* often say that the cytoplasm of a particular cell ts dense , 
but in fact it i* very difficult to find out how much matter 
there is m a mi cr osco p ical object. We can tell that ■ nucleolus is 
denser than the nuclear sap if we see it fall under the influence of 
gr a vi ty in a hving cell,*'* but thw land of opportunity seldom 
present* itself Phase-contrast may help us, but there arc plenty of 
trap* for the imwaiy *‘ A study of the Bcckc Ime effect followed 
by the use of the interference microscope is the surest guide but 
the actual measurement of the refractive index of microscopical 
object* IS not m any arcumstunces easy No information on the 
subject of density can be obtamed by simply noticing the depth 
of colouring with a dye 

In life, the greater part of the ceD u made up of protem chains 
intimately associated inth water through -CT -OH -C =0 

\dh 

-NHj, and other hydrophil group*. The subttarcc resulting 
from this auociation usually has a refractive mdex not very far 
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abow that of crater Ground ejloplaan) cororaonJy give* figure* in 
the neighbourhood of i 353 but a Ic** aqueou* object hke the mrto- 
chondnal Nebenktm of an insect tpermatid grves i 37b \Vhcn 
fixation takes place, the trater relation* of the protan chain* are 
entirely chang^, and in a balsam prqmatton there la no sx-atcr left 
The protan ha* now a refractn-c index of about i 52 to 1 54. It b 
prcascly for this reason that we use Canada balsam a* a inountirg 
medium it ha* almost the tame refractive index a* the ‘dry* pro- 
tean, and the latter u thmforc transparent The space* between 
the protan fibres are now filled vnth bil*am If there was a lot of 
water assoaated with the protan m hfc, these fibre* will be fir 
apart if there wa* little water, they will be close, so that there 
will be more fixed tissue per unit volume. In a word, the tijsue will 
be dWwe in the rtnet phjiical sense. 

Let us now imagine the d)ang of two fixed tissuc^onstituents, 
the one consisting of a greater length of protein chain per unit 
volume than the other (and therefore {ifnsn) but both etactly 
equal m the number of aadic and banc groups per unit length of 
protein cham Anj d)c, whether basic or aad, will necttsaril) be 
taken up m greater quantit) b> the former which wiD appear 
darker m the finished preparation There w 31 however, be no 
obvious mdication of the cause of the uptake of more dye. It 
might equally well have been due to an entirely different cause 
not to any difference m densit) but to the fact that the protein wa* 
(for msiancc) particularly acidic, and therefore bound to a lot of 
basic dye 

Metaphase chromosome* arc genuinely denser than the sur 
rounding cytoplasm end the depth of their colounng i» partly 
due to this. One would expect them to take up basic dye* *trongI) , 
but the proton constituent of the nudeoproton can alto be much 
more ttrongly coloured than the cytoplasm bv aad dytt. In the 
same way the chromatin of the mterphase nuclcu* can be much 
more deeplj coloured than the nuclear sap by aad dye*. Indeed 
deliberate use t* made of aad dyes to show chroinatio m certain 
techniques. It has already been mentioned (p 205) that aod 
fuchsine was used for thi* purpose by Mallory and trocarmme 
by Hadenham •“ The colounng of the protein of chrotratm ^ 
»ad dyes is made ouier if the nucleic aads are first ehminatrd ^ 
enzyme action. Ribonuclcase and DNA a»e both help the nib- 
sequent octioa of aad dye* m colouring the proton of nucleo- 
proton.*** 
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An mteicfUng though complicated example of reliance on 
denarty for differential colouring la provided by faenier s method 
for ihowing elaitic fibrea. (The m^od it utuaUy called Unna t, 
but Urm* himself attributed it to hia pupih) The dye used is 
oreem (p 185) dissolved m atrongly acid alcohol Differentiation 
IB earned out m alcohol usually strongly aadified The brorvnish 
red colour is better retained by clastic fibres than by other tissue 
constituent*. The crplanatioa appears to be as foflorv*,^*^ 

Orcein is used in alcoholic soIutioD because it is scarcely soluble 
m water It has no particular chemical afiinity for elasitn It is an 
amphoteric dye (p 190) In neutral solution (40% ethanol) being 
now Itself aadtc, it colour* coUagen more strongly than elastim 
On the more acid side of its iso*elcctnc point (about pH 5*7) it la a 
feebly basic dye. It now no longer colour* collagen strongly on 
account of the mutual repulsion of the poaitivc charge*^ but is 
taken up by vanmis negatively charged objects. It diffuse* easily if 
diseolv^ m 70% ethanol, and is thus able to enter tueue-contUtu 
ent* that mnild have been unpcrmcablc to it m xveaker ethanol 
Elastic fibres, the matra of cartila^ sadic mucus and chromstm 
are coloured rather ttroogly other tissue-constituent* feebly 
Orcein is not suffiaently basic to have a particularly strong affinity 
for the three last mentioned substance* which are more electro- 
negative than elaitm When the section is eubsequently put m 
aadified ethanol the dye i* eaaly extracted because rt is extremely 
soluble, and it would eventually be washed out everywhere. 
Density rather than electric charge now controls events. Smee 
there i* a lot of matter m the elastic fibre* s lot of dye u held by 
them and when the somewhat Its* dense constituent* (chromatin, 
etc.) have lost all visible remnant* of it, enough still remains in the 
elastic fibres to show them cleariy 

If this cipIansUon be correct the result is achieved partly be- 
cause dattin is even denser than chromalin partly because orcein 
w too feeble * bssx dye (at the pH at which it is used) to allow the 
final result to be controlled pnmarily by dectnc charge*. 

The dyeing of dastic fibre* by oreem i* probably not controlled 
only by their density permeability is hkdy to play a part 

Cannime oad, another amphotcnc dye, behaves rather timflarly 
to orccin but much more of it n taken up by the chromatm pre- 
sumably because the dye i* more ttrongly baste at the pH of the 
wlutwa. During the differentiation in aad alcohol the djrc is 
therefore retained as long by chromatin as by clastin 
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Ptrmeabiliiy 

The pcrmcabnit> of the \'anous tissue-constitucnt» plays a more 
important r6Je than chemical affinity in detennming the difTercntial 
action of aad djes m rmcrotcchniquc. This fact ^\'a3 clear to the 
genius of Ehrhch nght back in 1879, 

It has already been mentioned (p 193) that Ehrhch had dis- 
covered a ftrilang fact about the granide* of certain Icucogjics 
(eosinophils), namelj that they hai-c a special affinity for lad 
dyes. These ^^•crc what he called the a granules. He observed 
that the p' granules of certain Icucoc}'tcs of the rabbit were also 
aadophfl. Leucocytes of this second kind do not occur m mao 
Ehrlich drew a distinction between those aod dyes (eoim among 
them) that diffused rapidly, and those (such as mgrosme and in- 
duUne) that diffused slowly The eosinophil leucocyte could most 
easily be distinguished from that containing the p granules by 
using eosin in a single solution with mgrosme or mdulmc. He 
found that the mixture showed the « granule* m the colour of the 
rapidly diffusing dye, and the p granule* m that of the slowly 
diffu*xng It was for this reason that he named the former Und 
eosmophn 

‘A consequence of thi* consideration", he wrote, is the hypo- 
the*is that the a granulations are of closer texture {dichln) than 
the p granulation* that is, that m the former the group* of 
molecules {Miallat of Nocgch Syntagmem of Pfeffer) are 
larger and the intertruccibr spaces smaller than m the Utter 
The molecules of the easily diffusing eosin penetrate much 
more quickly into the narrow osmo-regulatory spaces of the a 
granulations than, those of mgrosme, which diffuses with 
difficulty, and so the micelles of the granulations are already 
saturat^ with eosm before the second dyc*tuff can enter them 
at all In contrast to this, the molecules of mgrosme can enter 
the wider mtcrnuccUar spaces of the p granulation* and *0 
achieve an important colour-effect," *** 

Thu* Ehrhch thowrd that while differential dyeing was m some 
cases caused by the chemical differences between basic and tad 
dj es, m other* it was due to ph)*sical factors m dj es and object*. 
At the time he was 24 or ay yean old (fig 24, opposite p 193) 

The differential action of the rapdly and slowly diffusing d^ 
IS reflected m their mdustnal use. The professional dyer cUssific* 
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the aad dyes according to the wa) in which they can best be used to 
colour textile fibres, It u desirable to mention this 
classification, partly because one can only follow the textile hters 
ture if It IS understood partly because it has direct significance for 
microtechnique. The classification is not based on chemical re 
ladonship dyes m a single group may possess quite different 
chromophores The limits of some of the groups arc not sharp and 
the textile authoritiea do not all use exactly the same classification. 
Three groups will be defined here 

The nevellmg dyes are sad dyes that are used to colour wool 
and other proton fibres from a strongly aad bath. Thej have not 
a very high offiiuty for such fibres and will not dye them at neutral 
tty and they ha\ e no affinity for ceUuloee fibres. The word level 
Img (or equalizing') means that they dye very evenly They are 
often called simply aad d}*cs m reference to the pH of the 

bath m tduch they are dissolved, tut this confusing name will not 
be used here. 

The nulling dyes colour protem fibres \xi} strongly at low pH 
but their action is so uneven that thc> are not used in this waj m 
practice. They are dissoh ed, on the contrary m neutral or \reaUy 
aad solutiOQ and are therefore tometuBes called neutial-dyeiDg 
dyes. Thor special character is that they are not decoJonx^ nor 
extracted by mflliag which o a fehmg process appbed to wet 
wool after dyeing often in the presence of soap It is charactenstic 
of milling dyes that they ore of greater molcoilar weight than the 
levelling ones, and form colloidal solutiona.*** 

The direct cotton dyes colour cellulose fibres without the use of 
any mordanL 

The relevance to microtechnique of this clisaification of aad 
dyes wiD appear shortly 

Aad dyes are \’rry often used m pairs. Sometimes the dyes are 
mored together sometimes one la used after the other If the 
affinities of the two were exactly the same, no advantage would be 
secured, for the appearance giv en would be exactly the same as 
though only one dye had been used (apart from the colour being 
mixed) In fact, however the dyes are selected m such a way that 
certain objects are coloured by one of them others by the other 
and some (usually) by both, ^mctimcs three aad dyes are used. 

One component oJF the pair (or tno) colours collagen fibres, 
another the ground cytoplasm. Other tissue-coiistitucnu are 
coloured by the one or the other or by both, but for our present 
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purpose It will suffice to concentrate on coBigcn and cytopkam. 
The dye* that colour the cytoplasm from these pans are raoetly the 
ordmary background dyes used for contrast with the basic dyes 
that colour chromatin The most typical of these arc cosm 
(xanthene), orange G (azo), ponceau 2R (azo), and especially 
picne aad (mtro) It is interesting to notice that most of the d}??* 
used m microtechruque for colounng the background are levelling 
dyes 

The most typical of the dyes for collagen are aniline bhic WS 
and the closely related methyl bhie (tnarylmcthane), mduhne WS 
and mgrosme W (azme), diamme blue 2B and naphthol black B 
(azo) and mdigo-canmnc (indigo dye) The stnlong fact about 
this apparently random set of dyes la that none of them belongs to 
the ‘Icvdling group Methyl blue, for instance, can be used for 
cotton, and is mdecd sometimes called 'cotton blue', damme 


blue 2B a a direct dye for cotton, and others m this group, to a 
greater or leaser extent, have the characters of milling dyes. 

In brief then, the feeble levdlmg dyes colour the cytoplasm, the 
Yigoroua tnilbng aad cotton dyes colwr collagen ^Vhy? 

The first due waa obtained m the twentiea by a Frenc hm a n , 
Collm,^ u« made a special study of Mann's methyl blue/ 
cosm**''*** He dissolved gclatme at various conccntrationa in 
warm water djpped microscopical glass slides m these solutions, 
dned the films thus produced and fixed them in a mature of 
formaldehyde and alcohol After washing and again diying them 
he put them m Mann s mature. The films made from concen 
trated solutions of gelatine took up the red colour of conn, those 
from weak solutions the bhic of methyl blue. 

These results suggested that methyl blue was not abk to enter 
concentrated gelatine, but that whereveT it could enter and com 
pete with the eosin it doramated the latter In other words, the 
blue dye was more vigorous m action, but penetrated with 


greater difficulty than the red 

Collin now showed that eosm penetrated much more rapidly 
than methyl blue mto gelatine gel contained m a test tube, and 
also that if Mann's mature vras put m a collodion sack, and the 
Back m water, the water was coloured by cosm before the methyl 
blue escaped. A solution of methyl blue, filtered, contains particles 
that arc visible under the raicroscopc 0 solution of cosm d<« 
not. Vanoufl objects (blotting paper animal charcoal etc.) take 
up much more methyl blue tiim eosm from solutions at the 
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tune conccntrataoiL The blue dye 1* well retained the red eatlly 
washed off 

MOllcndorff **• reached essentially the tame concluiions from 
independent studies* As he put it from miiturea of two aad dyes, 
the more diffutible goes mto the more compact structures, the 
more colloid mto the more pervious. 

This subject was subsequently mvestigated m detail by Selo, 
who noted the rate of penetration of dyes mto agar gels contained 
m test tubes. In his expenmcnts, of which full particulars arc giitn 
m his paper *** the distances penetrated by certain aad dyes m 15 
hours were these — 


picnc aad 25 mm 

aad fuchsme 10 

mgrosine W 7 

methyl blue 5 

anilme blue WS 4 


Details of a iimiliur expenment arc gn*cn in the Appendix (p 
322) The distances penetrated m 48 hours were as follows — 


orange G 37 mm 

methyl blue 16 

aniline blue WS 13 


It win be noticed that the djes that penetrate quickly are the 
ones that colour the cytoplasm and those that penetrate slowly arc 
the ones that colour collagen when suitable pairs are used 

The fact that we ore not concerned here with special chemical 
affinities, but rather with the factors that have been mentioned is 
shown very dearly by the behaviour of aad fuchsme This » an 
mtcrmcdiate land of dye, for it is level dyemg ) ct modcratelj fast 
to millmg and it penetrates st moderate speed In Mallor) s 
techruque*® it is us^ with anihne blue, and here it colours the 
cytoplasm but m vanotis techniques, of which Ilonsen s is 
an example, it is mixed with picnc sad and now it colours the 
collagen It is clear that we arc not concerned here with speaffc 
affinities, but with the rcIatuT positions of the \-anoui djes in a 
acalc of characters. The extremes in this scale arc anihne blue \\ S 
and picnc aad 

The d)es used for collagen mostly ha\*c higher molecular 
'^‘eights than those used for cjioplosrn (c.g mcthjl blue 800 
P^enc aad 329) This, however b not the direct cause of the 
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difference m rate of pcnctratiorL Many dyet arc dupersed in 
particlet that are larger than single anion*. Eetunates of the «xe of 
the partKlea can be obtained by measurement of osmotic pressure 
or electrical conductmty or by ultra-ccntnfuging or ultraiiltr* 
tion through cellophane or collodion film It z* clear that 
the anions of a dje often aggr^^te together Sometime* the par 
tide* are formed by the aggregation of ae^eral anions only, some 
time* by the aggr^ation of several anions ^\ith a mailer number of 
sodium or other cation*, the remaimng cations bang free. The 
resultant charge on the dje particles of an aad dye thcr^ore vane* 
m different cases, though it is alo-ayi negative. It is probable that 
ion aggr^te* break up below the temperature* at uhich textile 
dyeing takes place, but they arc present at room temperature and 
play an important part m microtechnique. The dye* used for 
collagen are the ones that form large aggregates, while the fypKaJ 
background or lev-cUing dye* are disperKd as single ions. 

The me of the spaces or pore* in the constituent part* of fixed 
nucroscopical preparations IS not knoirn but the structure of wool 
may gi\‘e u* some impreanon of ^That to expect The proton a 
here in the form of long nearly parahe! chami. Here and there the 
chains become quite parallel and dosely bound together, to that 
a lubmicroscopic crystal or micelle is formed The chain* emerging 
from the end of a micelle wander loosely for a bit before they enter 
and form pan of »ever»l other miceUcs. TTius there are minute 
ciystallme and non-crystalhne regions m the fibre, the former too 
compact to be entered by any dye, the latter lixwe and containing 
spaces between the somewhat irregularly arranged thread*. The 
available evidence suggest* that the diameter of these spaces u 
about 3 J or 4 Dye* must enter these if they arc to permeate 

and colour the fibre. The cellulose fibres of cotton are arranged m 
a very similar wav the apace* bang about 2 to 10 mp in diameter 

It IS probable that the vanous constituents of * fixed micro- 
scopical preparation vury greatly in the sue of the spaces uithm 
them CoHagen is an example of a mbsUnce of ver) loose 

texture, readily entered by any dye , cytopUsm has a tighter con- 
sistency and IS more selective towards dyes, the contractile sub- 
stance of muscle 1* somewhat tighter while the red blood 
corpuscle* of mammal* are among the leaat pervious of ail tissue- 
conatitucnts The dy« that colour red blood-corpusdc* are those 
that diffuse particularly easily through a fine coUochon membrane. 
■\Vith three selected aad dyes one can colour collagen, ordinary 
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cytoplann, ind mJ Wood corpu»clei m three different colours 
for instance with smhne blue, sod fucimne, and orange G 
respectively m Mallory's technique. 

The fact that it 1* so particularly easy to colour collar and red 
blood corpuscles differentlj is interesting Both of these are cx 
amples of strongly basic substances, for coBagen contains s high 
proportion of arginine and lynnc, and tbegiobm of haemoglobin a 
nch m these and m histidine One would tbcreforc expect them 
both to be strongly aadopbiJ So indeed they arc but red blood 
corpuscles arc so impenneabJe that the most powerful milling 
dyes can scarcely enter them. Thus in the differential action of 
aad dyea, physical or mexdiamcal factors predominate over 
chemical affinities. 

Some of the powerhil but slowly diffusing dyea used for coliagen 
colour collodion in aad solution.^** Thus aniltne blue and methyl 
blue dye it strongly from pKa to pHs This is unusual behaviour 
for tad dyes One would expect the negaovdy charged onion to 
be rcpcllM by the similarly charged substrate These two dyes 
have some capaaty to act as though they were basic, and indeed 
anHme bhie possesses an smino'group Once tgam sad fuchsme 
IS ifrtennediate between these and the In clling dves, for it colours 
collodion moderately from pHa to pH6 

Induimc colours coUodioa less strongly at low pH, because it 
tends to flocculate. 

When it IS dcaured to colour collagen differently from other 
tissue constituents, use ts often made of pbosphomolybdic aad. 
The techniques employed are rananis of the procedure intro- 
duced in igoo by the Amcncan hmopathologist Mallory In 
his technique sections were treated with an aqueous sohition of 
phosphom^ybdic add add then with a mixture of aniline blue, 
orange G and oxalic aad in water The oxalic aad served simply 
to lower the pH and thus help the acoon of the Jevelhng dye, 
orange G (The dyeing of the diromatm a irTcIc\'ant and wilJ not 
be considered here.) 

Molybdenum u a metal related to chromium The yrdownh 
white oxide, MoO*, insoluble in water dissoli'ea m ammoms 
solution to produce amavonmm mdybdate (p, 194), which reacts 
with orthofiosphonc sad to produce ammonium pbosphomoly 
bdate this, when dtssolied m aqaa regie deposits pale yellow 
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crystals of phosphomolybdjc aad The compoaitioii of these 
crystals is not quite constant, but approximates to H,P04(MoOj)j„ 
with water of crystalhxation 

The function of phosphomolybdic aad in Mallory's and similar 
techzuqucs w-aa explained by the researches of Mfillendorff and 
SeJa "I 

If an Irish bull be permissible, one may say shortly that phos- 
phomolybdic acid acts as a colourless aad dye (for it scarcely 
colours the tissues) Luckily one can convert it into a coloured 
substance by exposure to bnght bght. A bhie lower oxide of moly 
bdemim of indeterminate composition is produced If a micro- 
scopical section be soaked in a solution of phosphomolybdic aad 
and then exposed to hght, the blue colour rcvrals that it was 
present chiefly in the collagen, much less m the cytoplasm Jess 
again in muscle and least of all m red blood corpuscles, Thu is 
exactly the same distnbuaon os is shown by methyl blue, and 
phosphomolybdic aad thus acts as though it were s very slowly 
diffusing aad dye The anion ts large and its size is mereased by 
hydration. 

If a section be treated with phosphomolybdic tad and then with 
one of the background or levelling dyes at low concentration m 
the presence of the same aad the baeJiground dye will colour 
nothing except the red blood-corpuscles Thus the pbospho- 
raolybdic aad acts as a dyc-cxcludcr towards the background dye. 
One IS remmded of the use in the textile industry of 'resists , or 
substances that prevent the subsequent action of dyes A mixture 
can be made of normal and resisted’ wool and tlui gives a vane- 
gated effect when dyed. Some of the substances used arc colourless 
sodium sulphonates, which act very much as though they were 
colourless dyes. 

When a section is first treated with a typical background dye, 
or with some other dye (such as aad fuchainc or aiwanninc) that 
diffuses more easily than a niJm e blue, and then with pbospho- 
molybdic (or phosphotungstic) oad, the latter competes with the 
dye wherever it can enter It enters the collagen most easily If 
the treatment be stopped at the nght moment, the dj'c is turned 
out of the collagen, but left in the cytoplasm, muscle, and red 
blood-corpusdca. If now the section be nosed and treated with 
anilin e blue or a similar dye, the collagen will be coloured ex 
chisiveiy by this. 

The treatment with phosphomolybdic aad also helps differ 
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entul colounng m another v^Tiy In to far os it enter* the cytoplasm 
and muscle and is taken up by them it help* to exclude the aniline 
blue, and thus appear* to fa\'our the background dye. AH these 
p roc ease* , however, have to be carcftilly controlled If the anihne 
blue or sunflar dye is allowed to act for too long it will spread to 
the cytoplasm and muscle and eventually replace the backgroimd 
dye. 

It IS particularly to be noticed that the phosphomolybdic aad 
oppotfs the action of the anihne blue One pomctimes sect sate 
ments to the effect that it mordants the tissues for the anihne 
blue Not only is it impossible for such a substance to mordant for 
an add dye but m fact the aniline blue colour* e\'cry’where more 
powerfully If the treatment with phosphomolybdic aad be 
omitted To pro\*e tho it is only necessary to take two sections 
from the same block put one of them in a solution of phospho- 
molybdic aad and then colour both sections with aniline blue for 
the same period 

An object that i* difHcuIt to penetrate wiH resist the escape of a 
dye that has succeeded m entering it One may take a d)e that doc* 
not diffuse readily heat it untfl the ion-aggregate* ha\e dispersed 
allow It to enter the tissues m this form, and then cool the d>ed 
object the dye i* unable to escape. This process a much more 
applicable to textiles than to microscopical preparations, for the 
former arc nearl) alwap dj-ed at high lempcraturc* Polar >eUow 
R, for instance, not enter wool at all below 40® C because the 
ion aggregates are too large Similarl) one can scarce!) colour 
rartochondna strongly v.nth cold aad fuchsinc solution but the 
dp enters them rcadil) when the temperature is raised to near 
boiling point If subsequently the scrtion be treated at room 
temperature with another aad dp nen a rcadil) -diffusing one 
the acid fuchsinc will be replaced in the cytoplasm before it lca\c* 
the mitochondna. This is probabl) the basis of Mctxncr s and 
se ve r al other methods for mitochondru in which aad fuchsinc is 
used hot and another d)c (or d)e*) at room tem per ature sub- 
sequent]) In Altmann s ongtnal method * hot and fuchsinc was 
followed h) warm picnc tad. He himself admitted that the 
differentiation was difficult It u far easier to use cold picnc and 
solution as Metiner’** did (See also Mcvcs*‘* for details of 
Metzner s method ) 

That thu IS the correct explanation of the usual mitochondrul 
Q 
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methods IB Buggested by the feet that red blood-coqmsde* 
generally retain the aad fiichsme m such prcpaiatjons Mito- 
chondria can also be coloured by the baste dye, crystal violet, 
used hot**’ ** 


Chemical affinity, density and penneabErty play their allied or 
antagonistic parts m the colouring of tissucM^nttitucnts, and it is 
difficult to disentangle thor cfTccts. If, m any particular case, rre 
can be sure that there u no obstacle to penetration, and if ■we know 
the chemical constitution of the substance that reacts mth the 
dye, and if further the substance a chemically homogeneous or 
nearly so (unlike most proteins as they occur m the ccllX ^ maybe 
able to estimate the amount of the substance present by measuring 
the optical density of the dye taken up by it Thus a basic djt 
may be used, at a pH too low to colour proton, to obtain an 
approximation to the amount of DNA m a nucleus or of RNA m a 
nucleolus or m the cytoplasm A mordant-dye, chrome ahim/gallo- 
cyanine (p, 215), u parocularh recommended for this purpose.*^ 



CHAPTER 13 


Metachroma^ 


The word* metachromatic and metachroraati»m were intro- 
duced In 1876 ^ • in reference to the change* m colour undergone 
by certain »ub*tancc* when heated The adjcctxv*c, howc\cr isu»cd 
m biology in a different and very special way The correaponding 
noun 1* mctachronmy or metachromasia. 

If a section is dyed with toluidine bhie, many tissue-constituents 
will be coloured bhie, but jf there u any cartilage in the preparation 
It* matrix will be dyed purple or red It might be thought that the 
dye waa impure, owmg to fault* in manufacture or subsequent 
c^nge* m chemical composition, but the effect a obsmTd 
equally well with pure specimen* of the dye. This 1$ a t>pical 
example of metachromasy Toluidine blue U said to be * meta 
chromatic dye. The matnx of cartilage is called a chromotrope 
that IS to say a substance capable of altenng the colour of a 
metachromatic dye. The corresponding adjective b chroraotropic. 
The wxird orthochronutic is used to mean non metachromatic 
Thus whatever t* coloured blue by toluidine bhie is said to be dyed 
orthochromatically and dye# that do not give metachromatic 
effects are called orthochromatic. 

Certam dye# are not stable in solution, but gradually give nsc to 
other colouring agents, which arc then present u impuntic# and 
can be separated by suitable mean*. Tiie pre sen ce of such tm 
puntic* of spontaneous ongm b called allochromasy This has no 
necessary connexion with metachromasy but an orthochmmty' 
djx may give rise to metachromatic impuntie* by allochroma^v 
Solutions of Kile blue arc aDochromatic, for they contain tva ^/“Jy 
the ions that one would expect, but also another *ul>ttav>* rn 
oxaione (p 301) in addition to this, however the cati</o yt 
dye 13 feebly metachromstic. 

Metachromasy was di*co\Tred independently thre^^ or p' lu/t 
four time* during the year 1875 The evidence <, d-* 

jQrgen* was the first to reportJu* findings 
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dahlia m a study of amyloid degeneration and was surprised to 
find that this violet dye coloured the amyloid corpuscles a brilliant 
red The celebrated histologist, Ranvicr,^“ dy^ cartilage meta- 
chromatically with cyamne, whfle another Frenchman, Comil, 
used methyl violet on the same two chroraotropea that were 
observed by Jflrgena and Ranvier It is possible that the Austrian 
pathologist, Heschl,**^ also saw a mctachromatic effect m 1872 
and published it m 1875, but this is not certam He acadentally 
dyed the skm of his fingers with some violet ink and then tned rt 
on various other tissues, mdudmg liver and kidney m amyloid 
degeneration The degenerate parts wrre coloured dark rose red, 
everythmg else blue, 11118 effect may mdeed have been due m part 
at least to the mctachromatic dye, aniline blue (spirit soluble), 
which was present m the ink, but since this also contamed banc 
fuchsme, one carmot be sure, (In this paragraph the modem names 
of the dyes have been used throughout ) 

It has been stated more than once that the word meta 

chromasy was mtroduced and defined by Ehrlich m his paper of 
1877 Very remarkable things arc beheved about this paper, by 
persons who have not read rt It has been said thst be here intro- 
duced the idea of classifying dyes as aad and basc,’^ and objects 
in tissues as basiphil and aadophiL**® In this paper, w ijtte n when 
he was still a m^cal student, Ehrlich gives a competent account 
of the form, distribution, and reaction to dyes of whit were 
obviously the baaiphil cells {MastMellen) of connective tissue, 
though he refers to them throughout as PUavuaeUen (see 
Wcstphal ***) He notes the colour-change of the dye, but makes 
no attempt to define mctachromasy and does not use the word, 
Ehrlich 8 first saentific paper foreshadows rather ftmtly his 
subsequent contributions to our understanding of the action of 
dyes m biological rmcrotechmquc. 

In a later paper Elhrlich remarks that certam dyes colour the 
granulated fyll* {Mastzellen) of connective tissue mctachromatic 
ally that is, m a tint diffenng from the colour of the dye used’ It 
IB more accurate to define mctachromasy as the colouring of differ 
ent tissue-constituents m different colours by a tingle dy^ The 
words smgle dye must here be taken to mean tliat the substance 
that dyes the different tissuc-constituentB m different colour* 
can be extracted from the dye solution m dry form as one pure 
chemical compound, not as two or more. 

In thin sense there arc both basic and aad metachromatic dyes, 
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bnt wherea* the basic one* arc important m microtechnique and 
•Jl act on the same chromotropcs, apparently m essentially the 
same way the acad metachromatic dyes are rektnely unimportant 
and act quite differently from the basic ones. 

The raetachromaiy of basic dyci will be dealt with first 
Unnecessary repetition of the words ofbasic dyes’ will be avoided. 
All general remtiks on metachromasy arc to be understood as 
referring to the metachromasy of basic dyes, unless the contrary is 
clearly mdicated. 

Mctichromasy is of importance in histochemistry because \-ery 
simple techmques give strikmg results that help towards the 
chemical identification of tissue-constituents. 

The meat obviously cbromotropic tissue-constituents arc the 
following — 

the matrix of cartflsge 
the secretions of certain mucous glands 
the granules of the baaphfl cells {MastseUen) of connectn'c 
tissue, 

' the corpuscles of amyloid degeneraoon 
the volutin granules that occur in j'cast and m certain 
diatoms and bacteria. 

Certain substances prepared from the cdl walls of various red 
slgae are etrooglv chromotropic. Agar is an example, 

Vanoui tissue-constituents other than these are also chromo- 
tropic, but less strikingly so Chromatin is an example of a wcaUy 
chiomotropic substance. All chromotropcs that occur in micro- 
scopical prepantions are batiphfl, though not all basiphfl objects 
are cbromotropic. 

The first person to study metachromasy m detail bj the examina 
tion of pure substances in glass vessels was Lason ** whose work 
has been extended by SyUin 

A large number of substances that arc very familiar components 
of organisms are not chromotropes The following are examples — 
d ribosc, sucrose maltose, ccQobiose, lactose dcxtnns glycogen 
starch hcmi-cellulose, cellulose inulin gums mudlagcs, pectic 
substances serum albumm scrum globulin, fibnn collagen, 
kcntin mj'osm, lilk. No hptd is obvaouslv chiomotropic though 
ccTcbrosidcs ma) perhaps be feebly so It is chsractenstic of 
chromotropes that the) arc aadic, and this is of course related to 
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the fact that the chromotropic objects seen m nucrcscopical 
preparatjons arc basiphiL 

llic aadic groups preaent in chromotropcs arc soipbunc, 
phosphonc, and carboxyl As Lison** showed, most of the 
famdiar, strikingly chromotropic objects owe their character to 
the presence of sulphuric esters of polysacchandcs of high 
molecular weight It tnll be rccoflected that a sulphuric ester 
differs from a suJphomc aad by the possession of an extra oxygen 
atom linking the organic radicle to the sulphur'’'^c\ era! such com 

n* ~0\^^o H* 'O\^yo 
Rcy^o 

Siilphtri£ ttier SnifhDiic add 

pounds arc mucosubsUnccs. Chondromc aad, for instance, makes 
the matnx of cartilage chromotropic mucojtic aad does the same 
for certam mucous secretions, hepann for the granules of Hast 
ztUat Chromotropic sulphuric esters need not, howci cr, be mneo- 
substances Agar, for instance is the calcium salt of a sulphunc 
ester of a pentose polysacchande that lacks any ammo-group. 

The phosphate group docs not generany confer such a strongly 
chrofflotropic character as the sulphuna Adenosine triphosphate is 
not chromotropic, RJvA only tcr> slightly so DNA rather weakly 
(see p 258) Some of the metaphosphstes, howci cr, are rather 
strongly ^romotropic. These substances tend to poljTQenxc. The 
general formula for potassium metaphosphates u (KPOa)^ "When 
n IS very large, the substance is strong!)’ chromotropjc, when 
moderate, we^y sodium tnmetaphosphate is not chromotropic at 
all A potassium metaphosphate of rather high molecular weight 
can be extracted from the mould AspngiSus sagtr, and this is 
strongly metachromatic /It has been shown ^ that the roeta 
chromatic particles present in yeast {Saccharcat^'cts cntvtaae) and 
certain bacteria contain a metaphosphate associated with proton. 
There seems to be no doubt that this substance corresponds to the 
‘volutin of earlier authors 

The carboxyl group has less chromotropic effect than the phos- 
phate. It occurs in uronic aads as a component of many muco- 
substances. Some of these arc sulphuric esten, and the sulphuric 
component then oi-enhadows the carboxylic m chromotropic 
effect- WTicn as in hyaluronic aad there is no aadic group other 
than the carboxylic the substance is only feebl) chromotropic. 

Other aadic radicles than sulphunc, phosphoric, and carbaxjhc 
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do not confer the chromotropic property Thus nitrocellulose is 
sadic and therefore basiphil, but not a chromotrope, (For the 
reaction to dyes of nitrot^llulosc m the form of collodion, sec 
P 193) 


COOH 

O 

ShtUten Jormula galacboviit ati maoamwU aait 

There la a strong correlatjon between degree of polymemation 
and chromotropic effect. Thus glucuronic aads by themselves and 
hyaluronic aad are scarcely chromotropic, whflo sodium alginates 
(high polymers of mannuromc aad) and concentrated gels and 
sohd films of hyaluromc add show a definite colour shift.^* 
There appear to be two separate factors affecting the degree of 
cliromotropy achieved the nature of the add groups, and their 
degree of separation in space. With any particular aad group the 
greatest colour shift will be shown by a highly polymeric gel or film 
crowded with sites of negative charge.**^ ^ts crtrwding will natur 
ally result also m strong basiphflia towards orthochromatic dyes, 
vlt was shown by Lison ** that vanous non-chromotroplc high 
polymers occurring m the tissues of organisms, such as glycogen, 
starch cellulose, gum arabic, and chitin can be rendered strongly 
chromotropic by their artificial conversion Into sulphuric este r s, 
Sylvdi *** has extended this work by observing the gradual in 
crease m degree of chroraotropy as more and more carboxymcthyl 
groups are mtroduced mto ceDuIosc. 

'^imilsr effects can be observed m microscopical preparations. 
If a section be treated briefly with concentrated sulphuric nad 
any neutral polyiacchandes will be transformed to sulphunc 
esters and wdl therefore become basiphfl and metachromatic,^* 
Glycogen and neutral mucopolysacchandes (such as the ‘mucoid 
of the cells hrung the mammalian stomach) gn e thu reaction The 
tame result may be achieved in a different way by simply plaang 
a section m a solution of chromium tnoxide.”- Lison con 

aiders that a group of the sacchandc component u 


oxiducd through aldehjtle to 
breakage of the nng 




^OH 


presumably uith 
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Certain inorganic subatance* with complex aniona are markedly 
chromotropic ^ *** Among thcac anions arc femeyamde, thio 
cyanatc, and etpectally phosphotungstate. The subject has not 
fully investigated, presumably because it la not of much 
interest to biologists, who arc the chief people concerned with 
mctachromasy 

More than two doKcn basic dyes arc known to be dj^itely 
roctachromatic, most of them being tnarylmcihancs anoTomts, 
No axo-dyc is raetachromatic except Janus green, which owes this 
character to the fact that it is also tn laanc. Among the lake-dyes 
ccrlam oxazin« arc remarkable for giving strongly mctadiromatic 
effects The most usehtl mctachromatic dyes arc prob- 

ably these — 

methyl violet (tnarylmcthanc) 
brilliant cresyl blue (oxaxme) 

cupnc, feme, and alummuira lakes of coelcstme bhic 
(oxaxine) 

thionine (thiaanc) 
azure A (thianne) 
azure B (thmzinc) 
toluidinc bhic (thiazmc) 

It will be noticed that the thiaxmes arc pre-eminent m providing 
us ^vIth valuable mctachromatic djres 

Certain dyes show their metachromatic effect when used vitally 
These will be considered m one of the chapters devoted to vital 
djcmg(p 281) 

It will be convenient to consider first an ideal dye that has a 
nearly symmetrical absorption curve with a peak m the middle of 
the visible spectrum Basic fuchsine veould serve as a fairly good 
example, though the curve 10 not very symmetrical Such a dye 
will necessarily transmit light from the two ends of the spcctrufD 

(compare fig 17, p 161), and if the transmission curve is regular 

on tlw two sides, the colour will be purple (Basic fuchsme trans- 
mits a high proportion of red and the colour a magenta.) 

If now we somehow influence our dye in such a way that the 
peak of its absorption curve (or the trough of its trtntinitMOT 
curve) IS sknvly shifted towards the right (that », towards 
longer wave lengths), the transmitted colour will change grndu^ 
from purple throu^ violet to blue and then to green. The 
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colour 18 ttid to be lowered , and the mean tTa\x length of 
the tranimitted light has indeed been lowered Tbfc influence 
we hfl^x brought to bear ts therefore said to be bathochrome If 
on the contrary vre somehow shift the peak of the absorption 
cur\T of our purple dye towards the left, wc *heighten the colour 
through magenta to red orange, and then yellow The influence 
has been hypsochrome since the mean wa\x length of the trant- 
rmtted light is now higher (loQgerf''It a obvious that if cither a 
bathochrome or a hypsochrome influence were pu*hed far enough, 
so that the absorption curve were moved nght outside the tisiblc 
spectrum, the transmitted light would bnghten to white, snd that 
11 indeed why the two ends of the scale (green and yellow) arc 
rather similar 

We are now m a pontion to lay down a general law about meta- 
chromasy The meiadtromattc ^ect u l^fsochfryme This law is sub- 
ject only to the exceptions mentioned on pp 258 and 259 Colours 
may be arranged m an order of mertasmg hypsochrome effect 
thus green blue nolet, purple, magenta, red orange, yellow The 
metachroraatic colour given by a dye 1* to the nght of the ortho- 
chromatic m this Ibt It follows that no metachromalic d}e can be 
>xllow for this would render chrorootrope* colourless. AU the most 
\iluable metachromatic djxs sre blue or nolet and the colour- 
shift ts generally from blue to purple or magenta, or from violet to 
red The normal human eye is very scnsjtnx to these changes. If a 
red djx had its absorption maximum shifted by the same amoimt 
in wa\xlcngth os one of these dyes, the change in colour would 
not appear to us so striking W c seldom choose a red djx, such as 
neutral red or safranine (txincs) when ivc want metachromatic 
effects. 

In passing from the orthochromatic to the metachromatic 
colcAir the peak of the absorption cunx may move a particular!) 
long distance or altematncl} the colour ^ift ma) be one that 
IS particubrl) enilcnt to the human eye even though the peak of 
the cur\c ma) not ha\x mo\ed rxry far Thus a dye ma) be con 
sidcrcd htghl) metachromatic for one of t\vo oltcnutnx reasons, 
which ma) be called respccti\xly objcctnx and subjectnx. 

The colour shift could be ptclured mentall) as a bodil) move- 
ment of the absorption curve across the spectrum without any 
change in lU form but m fact the shift u more complex than 
this ainc M 
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WhtQ a mctachromatjc dye is dissolved m absolute alcohol or 
other organic eoJvcnt, the absorption curve sbomi a singfc 
peak, called the « bani AMth tolmdine blue the peak is at 630 Wfi 
OT a little Jess, in the reddish orange: The tramwisson curve 
naturafl) shoTTs a trough, irhich -inU here be cahed the a trough. 
A glance at the transmission curves (fig 27 a) suggests nghtly 
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that the colour of the solution is blue. \\'hcn the dye is dissolved 
in aqueous soluaon a second or ? trough appears, corresponding 
to a p band or hump m the absorption curve. It is claimed that thn 
can just be detect^ n*en in non aqueous solutions.*** It is not 
ordinarily detectablcm rciy dflutc aqueous sohrtions, but becomes 
more and more marled as the concentrauon rises, vrh2c the a 
trough becomes shallower The ^ trough is always situated on the 
side of the a trough towards the shorter Tvave-Icngths. In fig vj, 
c, the ^ trough is deeper than the <t-, and the two arc almost 
smoothed out mto one The wave-length of the ? trough of 
tohudme blue a about 590-600 ^fcllowish orange) 
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When a itrongly chromotropic aubstance is added to the tolu 
tion a new trough (y trough) appears, still further m the direction 
of shorter wave-lengths. The addition of quite a small amount of 
an mtcnsely chromotropic substance, such as the heparin of 
MastseUen^ suffices to hollow out a considerable y trough at the 
erpensc of a and p (fig 27 b) With tohudine bhie the wave 
length of the y trough is about 550 m/i (yellowish green) The 
colour of the solution is purple, since light is freely transmitted 
from both ends of the spectrum 

Varying degrees of colour shift will be produced by vanadoos 
m the tendency of chromotropca to flatten out the a transmissjon 
trough and deepen the p and y Most chromotropca produce their 
mam visible effect by lowering the y trough though they lower the 
p at the same time. RNA, however a feebly cbromotropic sub- 
stance, makes a low p trough at wrtain concentrations, without 
sffecting the y region.*** 

Some metachromatic dyes show quite a low trough m the 
tranamiaaion curve in the region of the ultra violet but this is not 
affected by the preaence of ch r omo t ro p ca 

We naturally ask ourselves whether there arc any festuro of chem- 
ical compoaitioo that separate metacliTomatic from orthochromatic 
dyes. Certain geaeral remarks may be made under thu head 

Dyci in which all the -NH, auxochrome groups have the 
hydrogen atoms replaced by -CHj or are not meta 

chromatic. Thia applies, for instance, tchaystal violet and methyl 
cne blue. These dyes sre often regarded as somewhat meta 
chromatic, but there is reason to believe that they would be quite 
orthochromatic if perfectly pure.** TTie former la gener a lly 
contaminated with the highly metnehromabe methyl nolet, and 
methylene blue always gives nsc by allochromasy to the azures, so 
that perfectly pure speoraens have not been obtained. 

Not all dyes that have an unaubstituted -NH, group are meta 
chromabc. It is a remarkable fact that the dyes that are meta 
chromabc are, m general those that are capable of being trans- 
formed to mimo-bascs The change from an — NH, group to an 
muno (=NH) group does not mvolve a loss of qmnonoid structure 
m the ion. The muno-baacs arc therefore coloured unlike the 
leucobases. The chemical structure of the unino-base of pararos- 
antlme, for mstonce, may be compared with that of the leuco- 
ha»«(p 163) The transformabon from dye to immo-baae mvolvcs 
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a hypiochrome effect, for the dye u magenta, the base reddish 
orange. Pararosaniline u metachromatic, and it excmphfio the 
general rule that the transformation of a metachromatic dye to it» 
nmno-base m\*ol\ es a heightening of colour that is to say, a change 
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m the same direction as the metachromatic shift. Because the 
colour changes when the immo-base is produced, and because a 
certam degree of alkalinity 15 necessary for its production, it 
folloTTS that metachromatic dyes can be used as mdicators 
of pH 

It IS most tempting to assume, as Hansen *** did nearly half a 
century ago that chromotropes take up unino-baaes from soIuDoni 
of metachromatic dyes. He considered that these bases trerc 
present in ordinary solutions of the dyes and that they vrere some- 
hoiv specifically stored up by the chromotropic tissue-constituents. 
He remarked that if one sh^es up benzene, xylene, or chloroform 
rvith an aqueous solution of thionme, the little oily droplets give 
the imprcsBioa imder the microscope that they arc composed of 
mucm because they have the metachromatic colour 

Although there ma y be some roundabout connexion between 
the capaatv of a dye to form an nnmo-basc with haghtened 
colour on one hand anH its capacity to give a metachromatic effect 
on the other yet Hansen was m fact mistaken, for these two tmds 
of colour change are not due to the same cause. As Lison 
pomted out, metachromatic dyes give thar colour shift at a pH 
far below that at which an imino-base could exist. Brffhtnt cresyl 
blue, for instance is pure bhic at pH 10 and only becomes orange- 
red at higher pH than thm, but the dye can act metacbromaticilly 
down to pH 3 or even lower There is no question of the chromo- 
tropes b^g local alkalmmng agents, smee, as we have s een , they 
are aadic. At a low pH, at which the dye wiH still act mctachro- 
matically, no immo-base be extracted by chloroform. If any 



METACnnOMAST 


253 

muno-ba« u m fact present m a particular solution of a meta 
chromatic dye, it can be ertmeted with chloroform without 
affecting the capaaty of the solution to show its metacfaromatic 
effect Even more concluan'e than these arguments is the faa that 
although the mctachromatic colour and that of the imino-base are 
similar, yet they arc distmct spectroscopically 

It was pointed out long ago that concentrated solutions of 
metacbroroatic dyes show to some extent the mctachromatic 
colour It ts, m &ct quite dear that although there may be no 
allochromasy whatever yet the d)c may appear m two forms— 
orthochroraatK and metacfaromatic — in aqueous solution* ^Vhcn, 
however the dye is dissoh-ed m ethanol, onl) the orthochromatic 
colour IS seen, howo'cr concentrated the solution may be. This is 
shown m fig 27 It has already been remarked (p 350) that when 
ethanol u the solvent, the wm'e-length of minimum transmission 
(or maioraum absorption) by toluidmc bhie u 630 ra/i, while m 
water it is about 590-600 mft (at the dye-conccntrations used m 
the observations) 

The factors that promote and antagormc the presence of the 
mctachromatic form of the dje m solution ha\-e been speaaHj 
studied by Lison ** As an aqueous solution is made more and 
more concentrated there a a progrcssu'c approximation towards 
the mctachromatic colour while ot extreme dilutions the colour u 
purely orthochromatic. 

The followmg experiments would demonstrate the spectro- 
scopic difference between an orthochromatic and a mctachromatic 
dye In practice one would carry them out rather differently, but 
the methods used >vould not differ in pnnaple. 

Take two exactly similar glass tanks, flat dded and rectangular 
and place them in a spectrophotometer m such a way that the light 
must pais through both. Fill both with water Isow add a weighed 
quantity of an orthochromatic dj^ to the water m the tanks, ^ow 
It to dissols-e full) and draw a cun*c to show the absorption at 
different wa\ c-lengths. Mcthvl green would be a panicubrly suit 
able d)c because it shows no trace of mctachromas) A senes of 
such experiments will show that if the same weight of the d)e is 
used ea^ lime, it makes no difference to the cune whether all the 
dye IS put in one of the tanks, or some in each in any proportion 
If ho^^c^*c^ a mctachromatic dye be used this is not so The 
absorption maxiroum will be at one wa\-e-length tihcn the d)x is 
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equally distributed between the two tanks, and at another (shorter) 
wave-length when it is all put in one tank. 

Another experiment might be performed thus. Take a flit 
aided, wedge-shaped glass tank, and arrange it so that it may be 
pushed across m a spectrophotometer and the absorption of differ 
ent thicknesses of the dye m the tank thus measured. Take two 
solutions of an orthochromatic dye at different concentrations and 
find the thidmess of the dye solutions that give absorption-curves 
with the peaks nsmg to the same height. It will be found that the 
curves are exactly the same. Now measure the thickness of dye 
solution through which the hght passed m the two cases. Suppose 
they stand m the ratio x i Then the dye measured at thickness i 
u X tunes as concentrated as that measured at thickness x. A 
substance of which this ts true is said to obey Beer s law Now rt a 
characteristic of metachromauc dyes that they do not obey it. 
One can find the concentration of any soluDon of an orthochro- 
matic dye by use of the spectrophotometer when a single absorp- 
tion-curve has been obtained with a solution of known concentia 
tion, but this IS not posable with a mctachromaoc dye m aqueous 
solutionu 

Increase of temperature acts on mctachromatic dyes m the same 
way as dilution Toluidine blue at about o*6% is radish violet st 
ordinary temperatures, but blue at boding pomL Certam neutral 
salts (a^um chloride, sodium sulphate, potassmm chlonde, and 
espeasUy banum chlonde) act lil« dilution or mcreasc of tan 
pcraturc.** It is remarkable, however that potassium acetate 
does not have much effect-**^ Increase of aadity acts like increase 
of temperature, though as has already been renjarked, meta 
chromatic effects axe sometnnea seen even below pH 3 

Dehydrating agents, such as ethanol and glycerol arc antagonis- 
tic to metadiromasy Even quite strongly chromotropic sub- 
stances, such as hepann and agar show less and less capacity to 
produce mctadiroinatic effects m mcreasing strengths of ethanol 
and lose it entirely ^en the concentration reaches about 5®% 
diondroitin sulphate loses it at about 30% The chromotropic 
property manifests itself again however when water replaces 
eth^oL 

Chromotropes are not all m their reactions to anO 

meta chromatic substances. Thus DNA is extremely sensitive to 
salta but less so to ethanoL*** 

At any particular degree of dflubon, at any temperature or pH 
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and at any concentration of salt or dehydrating agent, there is an 
equilibrium between the orthochromatic and mctachromatic 
forma of the d) e, and thii equilibrium will be affected by a change 
m any of the factors mentioned Eirry alteration m the equilihrrain 
between the two forms of the dye is reversible. It la at r es ae d by 
Liaon **• that chromotropca arc aubstancea that ahift the equili 
bmim to an extreme extent m favour of the mctachromatic form 
without producing any irreversible effect. 

The factor! that in^ence the d^ree of metachromaay exhibited 
by solutiona of a dye also mlluence the appearance of nuero- 
acopical preparationa coloured by that d ye. The mctachromatic 
effect IS moat strongly shown when the aecdon a still m the dye 
aohitioa but is aiao well seen when this is replaced by dtatilled 
water Unfortunately this t» not a good mounting medium because 
of the wide difference in refraem'e mdei from that of the fixed 
protema. Hansen rccommendttJ a aaturated aqueous solutioa 
of potaaamm acetate which la mdeed usable, though there u some 
loss of metachromaac colour If the dyed preparation be heated or 
or if the salts hated above or a dehydrating agent be 
added the metachromatic effect will be reduced or abohahed 
Ordinary glycenne-jelly is aadic and contains a high proportion of 
a dehydrating agent rt therefore ahohahea all except rather strong 
mctachromatic reactions Passage through absolute alcohol has an 
even more extr e m e effect, and preparations mounted m Canada 
balsam therefore show raetachromasy only m the granules of 
MartMcUat and other particularly chromotropic objects, and even 
these would presumably not show it if dehydration had really been 
complete. 

It has been auggetted *’'• that one should not apeak of meta 
chromaay unleai the colour-shift is shown m preparationa mounted 
m glycenne jelly balsam or other commonly used media. It 
must bo oba^^ however that this would be a very arbitrary 
decision These mounting media have been chosen not because 
they are adapted to studies of mctachromasy but solely because 
they give good optical results and p r es erve ordinary microscopical 
apeamens permanently It would be a strange chance if they 
happened to be the ideal media for quite another purpose. It 
would seem more rational to use vTUioua medu that shghtly oppose 
the mctachromatic effect to varying degreca. One might bring 
dyed sections into 1% and a% sodium chlondc, for instance, or 
25% and 45% ethanol, or into aohitiona at pH 4 and 3 In tha 
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way one would be able to dutmgtuah grades of metachromasv, 
according to the ability of vanoua tissue constituents to resist the 
anti meuchromatic effect of these solutions A start in this dircc 
tiou has been made by Sylvibi 

Certain tubttancca give mctachromatic colours acme resistance 
to dehydrating agents Potassium dichromttc, potsisium fern 
cyanide ferrous sulphate, and uranyl nitrate have been especially 
recommended Ko satisfactory explanation of the action of 
these stlta has been provided 

The alumiruum lake of coelestme blue is remarkable for the 
resistance of its metachromatic colour to extraction by ethanol 
dunng dehydration 

There are teieral mdications that polymeniabon may be con 
cemed m the mctachromatic colour shift Thus dilution would 
antagomxe polymer formation and it is also antagonistic to meta 
chromasy The same applies to increase of temperature If poly 
mer formation were the cause of metachromasy, wc should baW an 
explanation of the fact that the metacbroinatic constitutnt of the 
dye solution cannot be taolalcd from the ortbochromatic as a dry 
substance. Non-conformity with Beer s law imphcs polytnerm 
tton or the formation of complexes of some kind. 

The Amcncan chemists, Sheppard and Geddes,**’ suggested 
that the cause of non-conformity with Beer a law wa» the coupling 
of dye ions m pain They considcrcd that the conformist (ortho- 
chromatic) dyea were prevented from mabng dimenc associations 
of this kind by the particular shapes of their cations, for the ions of 
certain dyes would fit together less easily than otbert, Smee 
resonance would occur differently m a monomer and dimea' 
colour would be affected 

The idea that mctachromasy (whether of simple aqueous dye 
sohitions or of dyed chromotropes) is due to polymcmation has 
been especially advocated by Miciaelra.**^ His contention o 
that the « band in the absorption curve represents the monomerK 
form of the dye, the p band its dimenc form and the wide y band 
Its vanous polymenc forms, with overlappmg effects. Shepj«^ 
and Geddes look at the problem in a slightly different light. 
They chum that the p band can just be detected even when the 
dye 18 dissolved m orgamc aohents, m which dimers (and polymer*) 
were thought not to exist. In the dimenc form of the dye the reson 
ance that exhibit* itself as the p band 1* greatly augmented. These 
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authors doubt whether the dye ever casts in a poljTnenc form 
though they do not drspute the reahty of the y-band 

The necessity for the presence of water if metachromasy is to 
appear wai recogmted long ago and Hansen even ga\c in 
structKms for makmg balsam preparations m such a way that some 
water would be retained m the final mount It has been claimed *** 
that a molecule of water is actually mcorporated m the dimenc ion 
of the dj-e, and mdeed hes between and hnks the two ions. If this 
could be substantiated, the effect of dehydratmg agents tvould be 
read3y understandable. 

^\Ticn a ractachromatic dye is presented to the tissues, there is a 
•elective uptalce of the forms of the dye responsible for the a, p 
and y troughs. These forms will here be provisionally called rc 
spectively the monomenc, dimenc, and polymenc. The dye may 
be at such a low concentration that it is monomenc, j'et certain 
tasue-constitucnti will take it up almost cnUrtly m the poIymcnc 
form or again, it may be so concentrated that it contains a high 
proportion of dimert, yet certain tissue-constituents Mill take it 
tip as monomers,*^ It ts evident that the vanous tissue-constituents 
tre extremely diverse m their alBmty for monomers, dimers, and 
polymers- 

In general small molecules have no affinity for the pol^Tnenc 
forms of dyes. It is when a substance becomes itself poljmenc, 
and particularly when it exhibits itself ns a gd or film that it 
affords an o p portunity for the attachment of poIymcnc djet. 
Gels or filmSj however, have no tendency to take up metachro- 
matic dyes unless they possess many negatively charged pomti on 
their surfaces ready to attract the pontn-c charges of the basic 
dye- ions. 

Sylvan laj’i special str e ss on the need for numerous negative 
charges on the surface to be dyed suitably spaced out. If the 
conditions of the surface arc appropriate the arrangement of the 
dye m poIyTnenc form may be foeflitated If the ncgatnT chaigcs 
on the surface arc too distant from one another or loo irregular or 
too Weak, the tendency to attract the djT-ions and hold them 
firmly m polymenc form will be small ^^e see here a h%po- 
thctical explanation for the >Tination bctivccn different chromo- 
tropes in the intensity of thetr mctachromatic reactions. It u quite 
possible that when the dy e is taken up in polymenc form a u-ater 
toolecule ts intercalated between each djx ion and the next and if 
* substance would be particularly chromotropic if its negative 
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charge® happened to be so spaced as to conform -mth this require- 
ment If there were a regular alternation of ^tcr molecules with 
dy^ions, the latter would be about o 4 m/i apart 

Sylvin points out, each dye ion consists of a large hydro- 
phobe and a small hydrophil (ouxochrome) part, and this m itself 
wili facilitate the orderly arrangement of the ions It is certain that 
some objects can arrange the 10ns of dyes in an orderly vray, not 
necessarily with the production of metachromasy This was shown 
m the last century by Ambronn • m the cour* of his studies with 
polanrcd light If a needle shaped crystal of methylene bhie be 
placed above a Nicol with its long axis parallel to the longer 
diameter of the lorengc-shaped top of the Nicol, it appears dark 
violet if it be now rotated through a nght angle, it nearly loses its 
colour and becomes a pale greenish blue Ambronn showed that 
if cell membranes were dyed with methylene blue and then rotated 
above a Nicol, the dichroic effect was again exhibited, for m one 
position they appeared strongly dyed, while on rotation through 
a nght angle the mtensity of the colour was reduced We need a 
full investigation along these hncs of the behaviour of dichroic 
metachromatic dyes taken up by chromotropic substrates 

Sylv 4 n has shown that when carboxyl groups are introduced 
Into cellulose fibres, metachromasy starts as soon as ereiy Becemd 
glucose umt of the cham has become carboxylatetL The average 
distance between the charged groups is now about i m/i. Much 
stronger metachromasy is exhibited by polysaccharides containing 
one sulphate and one uromc group per disacchandc unit the 
distance between the charged groups now alternates along the 
cham between 0*6 m/i and 0*4 m^i. 

Attention must now be directed to a most curious departure 
from the ordinary rules of ractacliromasy 

It has been remarked above that the nucleic acids, especially 
RNA, are rather feebly metachromatic, but chromatin docs often 
give a violet reaction with tohudine blue m microscopical prepara 
tions (and a distinct purple with the axures see p 269) 
ally, however a most strange reaction is noted chroroatm is dyed 
Shu grttn by this bhie dye, and the colour-change is therefore 
bathochrome 

When microscopical preparations arc strongly dyed with 
toluidme blue, chr^ttm is violet when feebly it appears mue, 
blue-green, or even green, as though dyed by methyl green Now 
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toliudine blue it$c]f howoxr dilute, n never green, nor is the 
alcoholic solution 

Luon and Mutsaars took a very dilute solution of toluidine 
blue (about 0*0015%) added varying amounts of DNA or 
RNA to It. When the nucleic aad wia very dilute, a small hypso- 
chrome change occurred the colour going from blue towards red 
and red itsdf was reached when the concentration of the nucleic 
add was 0*0025% ^\^len the concentration rose higher than this, 
the colour became violet blue, and finally blue g r ee n 

A study with the spectrophotometer gave results m conformity 
with what could be seen with the eye. As the concentradon of the 
nudac aad mcreased the peak of the original abiorpdon curve 
sank while a new one (p band) arose on the side of it towards the 
shorter wavelengths with further increase m the concentration of 
nucleic aad the curve moved bodily m the oppoete direction its 
peak paaaing the wave-length of the onginaJ peak and going beyond 
it toWds longer wave lengths. At no conccntradcm was the 
actual tAope of the original curve restored, and it would therefore 
be wrong to refer to a revemon to the orthochromstic form of the 
dye, with subsequent movement beyond rt. 

When the blue-green colour had been obtained heating 
abolished rt and restored the truly orthochromadc form of the dye. 

The concentration of DNA ta particularly high m the hcada of 
•pcrmatoioa and it la mteresling to notice that these are rather 
easily dyed blue-green by toluidine blue. 

No satiffactory explanation has been given of bathochrome or 
'negative metachromasy 

We now leave the metachromasy of basic dyes and turn to a 
subject that has recaved much leas attention A few aad dyes arc 
mctachroiDfltic in peculiar ways. The rules that g o v e r n the meta 
chromity of baaic dyes do not appty here. Thus azo dyca can be 
metnchromatic, there is no correbtion between metachromasy and 
the capacity to form imino-bisca, and the effect is usually latho- 
chrome, 

Indigocannine (mdigo-dye) and orange G (monotzo) are jncta 
chromatic towards solutions of clupdne, which is a protamine in 
combination with nucleic aad extracted from the heads of the 
spermatoroa of certam fishes it is strongly basic (aadophD) The 
same dyes show metachromasy in the presence of certam large 
cr^itallmd cations, e sp ec ia lly those of qumme and strychnine ** 
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charges happened to be so spaced as to conform with this require 
ment If there ^^ere a regular alternation of water molecules with 
dj^ions the latter would be about 0*4 aparL 
'^8 Sylvin points out, each dyc-ion consists of a large hydro- 
phobe and a small hydrophil (amochrome) part, and this in itself 
will facflitate the orderly arrangement of the ions. It is certain that 
some objects can arrange the ions of dyes in an orderly way, not 
nece ssa rily with the production of mctachromasy This was ^own 
m the last century by Ambronn • in the course of his studies with 
polanxed hght. If a needle-shaped crystal of methylene blue be 
placed above a Nicol with its long axis parallel to the longer 
diameter of the lozenge-shaped top of the Nicol, it appears dark 
violet if It be now rotated through a right angle, it nc^y loses its 
colour and becomes a pale greenish blue. Ambronn showed that 
if cell membranes were dyed with methylene blue and then rotated 
above a Nicol the dichroic effect was again exhibited, for in one 
position they appeared strongly dyed, while on rotation through 
a right angle the mtensity of the colour was reduced We need a 
full investigation along these Unes of the behaviour of dichroic 
metachromatic dyes taken up by chromotropic substrates. 

Sylvin hss shown that when carboTyl groups ore mtroduced 
into cellulose fibres metachromasy starts as soon as erery second 
glucose unit of the chain has become carboccylated The average 
distance between the charged groups is now about i m/i Much 
stronger roetachromasy is exhibited by polysacchandcs containing 
one sulphate and one uromc group per diaacchande unit the 
distance between the charged groups now altemates along the 
chain bet w e en 0*6 mji and 0*4 inji. 

Attention must now be directed to a most cuncrua departure 
from the ordinary rules of mctachromasy 

It has been remarked above that the nucleic aads, especially 
RNA, are rather feebly metachromatic, but chromatin docs often 
gnT a violet reaction with toluidme blue m microscopical prcpari 
tions (and a distinct purple with the axures , sec p 269) Occasttm 
ally however a most strange reaction is noted chromatin is dyed 
Shte grttn by this blue dye, and the colour-change a therefore 
bathochrome. 

When microscopical preparations ore strongly dyed vnth 
tohudine blue, chromatin is violet when feebly, it appears b ue, 
blue-green, or even green, as though dyed by methyl green Now 
/ 
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toluidme blue it»clf hovm'cr dilute, is never gre en nor b the 
■Icoholic solution 

Lison and Mutsaars took a very dilute solution of toluidme 
blue (about 0-0015%) added varying amounts of DNA or 
RNA to It When the nucloc aad was very dilute, a small hypso- 
chromc change occurred, the colour going from bhie towards red 
and red itself was reached when the concentration of the nucleic 
aad was 0*0025% \Vhen the concentration rose higher than this, 
the colour became violet bhic, and finally blue-green. 

A study with the spectrophotometer gave results m conformity 
with what could be seen with the eye. As the concentration of the 
nuclac aad m creased the peak of the onginsl absorption curve 
sank while a new one (p band) arose on the side of it towirds the 
shorter wavelengths with further increase m the concentration of 
nuclac aad the curve moved bodily m the opposite direction its 
peak passing the wave length of the original p^ and going beyond 
It towards longer wave-laigths. At no concentration was the 
scniil shape of the origmil curve restored, and it would therefore 
be wrong to refer to a reversion to the orthochroma be form of the 
dye, with subsequent movement beyond it 

When the bhie-'green colour hid been obtimed heating 
tbohahed it and restored the truly orthochromibc form of the dye. 

The concentrabon of DNA is ptrtKularly high m the heads of 
spermatoioa, and it is intcrcstmg to notice that these are rather 
easily dyed bhie-grecn by toluidme bhic 

No satisfactory explanation has been given of bathochrome or 
negative metachromasy 

We now leave the metachromasy of bssK dyes and turn to a 
subject that has received much leas attenboa. A few aad dyes ore 
metachromatic m peculiar ways. The rules that g o v er n the meta 
chromasy of basic dyes do not apply here. Thus txo dyes can be 
ractachroroabc, there is no corrclsbon between metachromasy and 
the capacity to form immo-bascs, and the effect is usuaDy b«tbo- 
chromc. 

Indigocamune (mdigo-dye) and orange G (mono-axo) are meta 
chromabc towards solubons of clupeme, which is a protamine in 
combination with nuclac add extracted from the heads pf the 
spermatoroa of certam fishes it is strongly banc (aadophB) The 
same dyes show metschromaay in the presence of certam huge 
crystalloid cabona, etpcaally those of qurmne and strychnme ** 
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These alkaloids \rcrc tned as chlondcs in cxpenmcnti earned out 
in solution It ^\ould be of interest to make a full studv of nucro- 
scopical preparations of the parts of those plants and animals that 
contain these substances in suitable form The olkaJoids themselves 
as they occur m the bark or seeds of plants might be unrcacti\-c, 
but sections of the testes of the approprute fishes would pre- 
sumabl) be suitable research matenaj It might be possible to ex 
tend the list of aad d)es knon-n to be metacliromatic, and to find 
some indication of chemical simibntt bet w ee n iherru 

Ilaematein, used as an acid d)c without lake formation can in 
certain arcumstances show a mctachromatic effect.'*^ In solu 
tion in 40% alcohol it colours the cytoplasm of certain nerve-cells 
red, but the nucleus homogencousl} blue The orthochronutic 
colour of this d}e used substantn cl} is reddish and the meta 
chromatic shift is thus bathochromc It would appear that the 
nuclear sap not the chronutin is coloured The facts ha\c not 
been explained but it is tempting to suppose that the histone of 
the nuclear sap ma) be the chromotrope. 

Certain acid d}es, particularK thi^ that are disulphonates, 
ihov. a strange form of bathochromc metachromas) The two best 
examples are Congo rubin (not Congo red) and Bordeaux red, both 
aio d) es. If one of these is injected into the abdormnal caMty of a 
mouse coloured particles arc later found in the phagocytic cells 
of innoui parts of the body that is m the histiocytes and cells of 
the reticulo-cndothclial sjftcm The uptake of certain dyes by 
these cells mil be considered in a general waj m a later chapter 
(p 276) here it IS onl} necessar) to 63 } that the dyes do not colour 
prc-cxistmg objects, but arc segregated in the form of granules. 
The interesting fact about the particular d}es mlh which we arc 
concerned here is that many of the granules shmv the ractachro- 
matic (blue) colour 

It might be thought that the colour-change was connected wrth 
pH since Congo rubm like Congo red is an indicator but this is 

not so for the mctachromatic change IS not dependent on pH and 

Bordeaux red and other mctachromatic aad dyes are not indica 
tors It seems almost certain that this kind of metachromasy is due 
to polymerization of the dye.*** In concentrated solutions the dyes 
concern ed show the beginnings of a bathochromc colour shift. 
There arc marked differences, however, from the polymenzation 
of basic mctachromatic dyes Not only is the shift m the opposite 
direction but rt is aidfd by the addition of neutral salts such as 
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pota»sium chlonde, which turns Congo nibm frorti red to violet 
and finally flocculates it as a blue substance. This change of colour 
accords with the general rule (disobeyed by the basic meta 
chromatic dyes) that increase m partnile nze has a bathochrome 
cffecL Gold hydrosola, for instance, are light red but if coagulated 
by electrolytes change their colour through violet to blue and 
finally form a blue predpitatc. If a red hydrosol ts mjected mto 
a mouae, the gold is seen in the phagocytic cells as bhie-black 
particles. Thus the gold hydrosol is metachromatK:.^** This 
strongly suggests that the same process sccounts for the meta 
chromasy of Congo rubin and wmilur dyes. 



CHAPTER 14 


The Blood Djes 


Special d)T8 are used m medical practice for the differential 
colouring of blood smears. They arc adapted to the easy and rapid 
diagnosis of disease They achie%x this end by distinguishing 
clearly the different kinds of leucocytes and colouring bnlJiantly 
any protcooan parasites that may be present m the red corpuscles 
or plasma. These djes are of considerable theoretical mterest and 
deserve a chapter to themselv es 

The blood-dyes evolved under the influence of Ehrhch s idea of 
‘neutral dyes. Probably the first dye to which such a name could 
at all reasonably be given was Ranvicx’s canrant piavrat, 
which was made known in 1875 before Ehriich had published his 
first paper This dye, which is useful m general microtechnique, 
18 m^e by adding a saturated aqueous solution of picnc sad to t 
saturated aqueous solution of ammonium canmnate and evsporat 
mg the mixture. A crj-stalline preapitnte is formed which a 
separated from the fluid and dirolved in distilled water As we 

have seen (p 193), carminic aad acts as a basic dye when aadified, 

and It IS possible that the preapitate is really a picratc of the 
red dye. If so it was formed by the combmaticm of a coloured 
cation with a coloured anion The chcmistiy of the precipitate 
has not, however been worked out, and anyhow this cunous 
substance cannot be regarded os a typical example of a neutral 
ctye. 

Ehrhch s plan was to allow a basic dye to react with an aad one, 
BO as to produce a new substance with new properties — a dye m 
both halves of its molecule. His procedure was given m dctifl m 
his jomt work with Lazarus on anaemia.^** Ehrhch added a solu 
tion of an aad dye such as orange G drop by drop to a sohitioo of 
a banc dye, such as methyl g reen. A coloured preapitate was 
formed. Orange G is a sodium salt and methyl green a chlonde 
Ehrhch thought that double decomposition occurred with pro- 
duction of sodium chlonde and the neutral dye, methyl green/ 
363 
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orange G He ducovered that the addition of a small quantrt) of 
the aad dye m ciccta allowed the neutral dye to dissolve. 

Such neutral dyes were used by Ehrlich for colouring blood 
smears. They were found to be pamculariy good for bnngmg out 
the basiphil constituents in one colour and the aadophil m another 
and thus malung it easy to distinguish the different kinds of leuco- 
cytes, Ehrhch attributed this to the fact that the dyeing of the two 
kinds of constitacnti was sunultaneous instead of successive The 
dyeing cations and anions are present m almost exactly equal 
numbers, and this arcumstance must give better mdications of 
baaiphilia and aadophilia than any arbitrary mature or succession 
of dyes. In addition the granules of polymorphonuclear leuco- 
cytes are coloured by both the components of the neutral dye, and 
that 18 why Ehrhch called them neutrophil He regarded the 
specific dyeing of these granules as an important property of the 
neutral dj'es, not to be obtamed without their use. 

Methyl green is unusual among tnarylm ethane dyes m potsess- 
mg two positively charged nitrogen atoms Orange G possesses two 
ncgiav^ charged sulphooate groups. Thus one molecule of the 
basic dye could react with one molecule of orange G Ehrlich 
however was under the mistaken impression that all three ni tr ogen 
atoms of methyl green combined with aad dye-radicJes when a 
neutral dye was prepared. He therefore gave the maleoding name 
Tnaad to the best known of his neutral dyes, to emphssuc his 
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belief The solution wu made by adding aqueous methyl green 
solution to a mature of orange G and acid fuchsme m aqueous 
solution and then st once adding alcohol and glycennc to p r e sen t 
preapitation of the complex neutral dye Smec aad fuchsine, like 
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orange G, is a sodnim salt» the tmxtorc must conttin sodium and 
cfalonde ions, methyl g ree n cations, and the anions of orange G 
and aad fuchsmc, with perhaps also some undissocatcd n«rtnd 
dye. It u not possible to isolate mcthd grecn/orange G and methyl 
grecn/aad fuchsine from the Tnaad solution as separate, diy 
substances,*** 

^Vhal used for blood-smears fixed by heat (or less well bv 
ilcohol/ethcr), the Tnaad dvc colours chromatin greenish with 
methyl green, red blood-corpuscles orange with orange G and 
cosmopbfl granules in copper-colour by the action of both the tad 
dyes the neutrophil granules are dyed violet, which iharph* do- 
tmgmshes them from everything else m a blood smear (Sec fig. 
28, JL) 

Ehrlidi considered methyl green methylcDc bhie, and ame lhvst 
violet (txme) the most suitable basic dyes for forming neotial 
compounds. Among the aad dyes he pr ef err e d those that had more 
than one fulphomc group, because they formed neutral dyes that 
could be dissolved without much difficulty 

Ehrlich's Truod and similar fiuids are useful m haenatokgy 
but It a doubtful whether great in ter e st would have been aroused 
by neutral dyes had not mrthyleoe blue been tned m combination 
with cosm. Iso one could hive foreseen the extraordinary value 
of this partictilar combination, or the complications that would 
result from the issocution of two apparently commonplace dye*. 

Before 1891 the nudeus of the malarial parasite had never been 
seen. A Russian protoxoologist, Romanowsky set out to trv to 
dye It differentially Aware of Ehtiich a work on the use of neutral 
for the differential colouring of blood he tned a new cotn- 
bumtion of the *ame sort. He added a 1% aqueous sohmon of 
cosm to a saturated aqueou* solution of methylene blue, apparent^ 
imtil the aad dye was present m slight excess (in accordance with 
Ehiiich 8 practice) On dyeing malanal blood smears with tha, be 
found a remarkable range of colours in the blood-corpuscles. The 
dyemg of the parasites was successful beyond any reasonable 
expectation for the cytoplasm of the trophozoite was Pmssnn 
blue, the nudeu* 'carmine ^■lolct Thus was the nucleus of the 
malanal parasite discovered. 

Nearly half a century later the attempt was stSI bang made m 
disclose the principle* underfying Romanowsky a results, and 
mdeed, as wt shall sec, there o plenty of room for research today 




nc i8 (a) humin blood from ■ p«tKTit with myeloid leucaemU, coloured t 
Ehriich a Tnaad dye, 

a. ib i Ji r y l **. k, pr j| m <r p <n, m T »W cTt««i d, narrmUan; / * 1 : 

■wt ila t »ith BUMOC 6cun t normal rTTtkracT***. K 4 dwarf pofiaaorph. 

(a) rrannal human blood dyed by Leiabman a method. Two l)-mphocytea Of 
polymorph, and three plateleti are aeen, aa »cU aa many red blood-corpuade 
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Meanwhile Romanowiky “* went on to study the multiplication 
of the nucleui and the life hirtoty of the paraartca, and clinicians 
soon made use of hia method as an mviluahle aid to diagnosis. 

The comphcations behind Romanowaky s dye can best be 
elucidated by the histoncal method. The accompanying evolution 
ary diagram will help to eiplam the course of progre ss . The reader 
may care to turn back to this diagram from time to time while 
followmg the development of the story It leads from Romanow 
sky s brilhant but empirical and not always repeatable results to 



Tit miuttcn tif hhoi iyn 


the sure and saentdic preparatioDS of Giemsa, Roe and hu col 
leagues, and MacNeaL Care has been taken to exclude from this 
account all those methods — some of them very wcH known — that 
did not lead towards the goal of understanding Bemthsen ** and 
Kchrmaiin,*® who played particularly important parts, have been 
omitted from the diagram because their influence on the course of 
research cannot be mdicated without making it too compheated. 

A Londoner jenner discovered that the preapitate formed 
on mmng solutions of eosin and methylene bhie was particularly 
foluble m methanoL Sobaequent workers ha^T mostly made use 
of this fact mstcad of relying on the solubility of the neutral com- 
pound m excess of the acid or basic dye (though some excess of 
the benc has usually been allowed). Jenner howev'cr did not 
obtain the wide vanety of colours seen m a successful Romanov-sky 
preparation. Similar reaults were obtamed m Germany by May 
and Grflnwald ”• who sometimca used a fresh mixture of eosm and 
methylene blue before it had time to preapitate, sometimes 
allowed preapitation to occur and then diasolv^ it in methanoL 
Preparationa made by these methods are useful enough for certain 
purposes. The red blood-corpuscles are bright rctL eosinophfl 
granules deep red, the nuclei of leucotytes and the basiphil cyto- 
plasm of lymphocytes and of the malanal parasite blue. The blue 
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of the paiante stands out against the red of the blood corpiuck 
that contains it^ but its nucleus is not diffcrentialiy dyed. One 
might choose this method in an mvestigation of eosinophils, which 
arc brilhantly 8 ho^vn, but as a general rule the hacmatologist 
naturall) prefers the much wider range of coloration seen in 
Romanowsky preparations. 

In successful preparations made by the onginal method of the 
Russian author or by any of the numerous modifications that have 
been introduced subsequcntlj, the general scheme of colouring is 
this — 


chromatin of leucocytes 
nucleus (or part of nucleus) of parasitic Pro- 
tozoa 

basiphil cytoplasm of Ij-mphocytcs monocjtcs, 
and parasitic Protozoa 
cosmiphil granules 
neutrophil granules 
red blood-corpuscles 


purple 

red or carraine 

blue 

pink 

purple 

pmk (tometmics 
bluish) 


The expression Romanowsky d>es will be used here to cover 
all matures or corapotmds of eosin with methylene blue and 
allied d3rcs, which give these or similar colours. The different 
techmqucs gi\e somewhat different results, the red corpuscles m 
particular bemg rather vTinable but unless the general scheme 
appbes, it ts not justifiable to speak of the Romanowsky effect 
It 18 natural enough that basiphil cytoplasm should be bhie and 
eosinophil granules pmk, but not obvious why the chromatin of 
leucocytes should be purple and for from obvious why the nucleus 
of parasitic Protozoa (or at any rate part of it) shcwld be red 
Attempts to mvent a dye that would give the Romanowsky 
effect c^'e^y time led gradunll) to understa n d in g The first step 
was taken b) Nocht, a port medical officer of Hamburg later 
Director of the JUr SeJnffs und Trop^nkranhhrtien m that 

atj Thia institute played an important part m the development of 

modem Romanowi^ techniques. 

Nocht 8 efforts to make a reliable dye-solution failed so long os 
he worked on the assumption th-t a neutral dye, in Ehrlich s 
was responsible for the unexpected colouring He came to the 
conclusion that the cause must lie m the presence of impunt^ m 
the dyes used. He was infiuenced by Romanowsky a remark 
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thit the best result tros obtained when a mould was grcming on 
the surface of the stock solution of methylene blue He rem cm 
bered that Unna had mvestigatcd the changes undergone by 
methylene blue solutions on standmg or treatment with dilute 
alkth A new substance appeared, which Unna called methylene 
red the ripened sohitiona coloured Maxtsellen red Unna tned 
vinous ripening agents, and found certain carboiutes, espcoiHv 
potassmm carbonate, the best From these researches resulted his 
polychrome methylene blue. 

Nocht*" tned a methylene bhic/eosm solution m which the 
polychrome variant had been substitatcd for pure methylene blue 
He found it necessary to neutraluc the slkalme solution. When thm 
was done, the nucleus of the mslanal paraiite was regularly dyed 
red. The basiphil cytoplasm however was violet not blue, snd 
this gave inauffiaent contrast with the red of the nucleus. Nocht 
overcame thm difficulty by simply adding pure methylene blue to 
hia polychrome neutral dye the basiphil cytoplasm was now blue 

Nocht worked with a freshly made sohttion containing a small 
excess of the banc dyes. The Romanowaky effect could be pro- 
duced with certamty but one practical defect remained the 
proper balancing of ^e eosm with the basic dyes bad to be care- 
fully done every tune one wanted to dye blood smears The 
obvious necessity was a stable stock solution of the dyes, requiring 
nothing but dihition. 

The problem was solved mdcpeodently in Germany by 
Reuter and m Fngland by Leiahman ^ Wnght s well 
known mixture Is a mere variant of Leishman s. All used a panlv 
polychromed methylene blue and dissolved the preapitated neutral 
dye m alcoboL Reuter used absolute ethanol, while the others made 
use of jenner’s discovery that absolute methanol is 1 particularly 
good solvent for methylene blue/eosm. Leishman, an Assistant 
Profeasor m the Bntiah Army Medical School, made the important 
discovery that a single solution could act first as fixative for the 
blood smear because the ioK*ent was methanol, and subsequently 
on dflution on the shde with distilled water as a qmcklj acting 
dye Leishman s and Wnght s techniques are often used to the 
present day and generally give excellent results, though they arc 
not quite so uniform as the dyes made up entirely from known 
ingredients. In accordance with the pnnaples that will now be 
explamed 

It u n ecessa ry to know what substances besides methylene blue 



268 


DYEING 


Itself are present in the polychromed dye. It will be convenient to 
represent the vanoua thiasmes by shortened formulae. The 


+/H 

>-oar" 

Thtonau (csbon) 


Shoritned fonaiU for 
thtomm (catun) 


simplest IS thionme. The four hydrogens shown m the shortened 
formula can be replaced one by one by methyl, till the tetraraethyl 
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H,C\ 
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TftramftMyi thoiaite Danfdtyl OuombM 

(mc<hyl«n« blue) (BtrMOmn t mctbyleae vlotet) 


Compound, methylene blue, is reached. In methylene violet an 
oxygen atom replaces one of the substituted ammo-groups of 
methylene bhic. 

Our understanding of the composition of polychrome methylene 
blue IS due to the researches of Bemthsen “ and Kchrmtnn ** 
The former isolated methylene violet from the crxidatioo products 
of methylene blue, and announced the presence of yet another dye, 
which he called MetkyUnazur^ the latter proved that Bemthsen s 
MethylmazuT was a mixture of what are nerw called axurc B and 
azure A The other thionmes shown above are not present m 
polychrome methylene blue. Apart from thioninc itself they have 
no important uses in microtechnique. 

More than to any other man we are mdebted to Gicmsa for the 
placmg of Romanowsky dyemg on a scientific basis It was his 
purpose to avoid methylene bhie that had been polychromed at 
random and to use instead known quantities of known dyes. 
Throughout the 22 years during which he published papers on 
this subject, he remamed an assistant m No^iit's institute. 

Gicmsa made use of a dye that he called methylene azure or 
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arure I Thit evidently azure B or el»e azure B somewhat 
contaminated with related He tnaed this with eoaui and 

■bowed that the main feature* of the Romanowiky effect were 
obtamed m the absence of methylene blue.^** Now azure B unlike 
methylene blue, 1* a mets chromatic dye. Itself blue, it has a strong 
tendency to impart a reddish colour to chromatin- Giemsa attn 
buted the reddish or red colour of the nuclei of leucocytes and of 
the malanfll parasite m Romanowsky prcparationi to the presence 
of azure I m polychrome methylene bhie- 

Gicmsa »ub*equently came to the conclusion that his azure/ 
eosm alone was imperfect, becauae the colour of baaiphU cyto- 
plasm was greyish rather than pure blue and therefore gave leas 
Btrikmg contrasts. It was for this reason that be put methylene 
blue m his mixture, m addition to azure and eo«in- This gave the 
desired resuU,^^ He mued his azure with an equal weight of methyl 
cne blue, and from this mixture ( azure II ) he made a neutral 
dye by precipitatioo with eoam. He added a small cctra quantity 
of azure n so as to obtam a preponderance of the basic dyes. 

It IS fortunate that azure B a blue dye, gin* a strongly met* 
chromatic colour to the chromatm of leucocytes, while methylene 
blue has a ipecial affinity for the basiphil cytoplasm of lympho 
cytes and monocyte*. Otherwise it would have been difficult to 
dye thr chromatm of these cells m a different colour from the 
cytoplasm- The aadic substance m the cytoplasm that is coloured 
by these basic dye* is presumably RNA- In the form m which it 
occurs m the tissues, RNA is luckily less apt to act as a chromo- 
trope than DNA- 

Giemaa czpenmented also with methylene violet/eo*m dissolved 
in alcohol and water but did not obtain the full Romanowsky 
effect. On adding methylene violet to his azure mixture he found 
that dyeing was inhibited and the tendency to preapitation in- 
creased For these reasons he never used methylene violet m his 
later mixture*. 

Giemsa* subsequent paper* are mimly concerned 

with solvents and practical details of techmque. He followed 
Lcishman and Wnght m using methanol as a solvent for hu stock 
solution but added glyce r ol to mcrease the capacity to dissolve 
the dyes and allow easier mixture with water 

To rationalize Giemsa s techmque still further it was nece ssa ry 
to use an azure of definitely known chemical corapo«iuon- A com- 
parison of azures C, IV A, and B was undertaken in the U SA. 
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by Roc, Lniie, and Wilcox Each of these was tned on blood 
smears in conjxmction with cosm, so also were tolmdme blue and 
thionine The Romanowsky effect was given by all the azures, but 
best of all by azure B , it xvas given family by toluidme blue but not 
St all by thiomnc. Azure B was also found to be supenor to A in 
giving the Romanowaky effect in the presence of methylene blue 
and eosm, it should therefore be substituted for the azure I of 
Giemss s formula Xt will be remembered that azure I is in fact 
azure B more or less adulterated The Amencan authors found no 
conclusive evidence that any benefit could be obtained by adding 
azure A as well as azure B to the mixture 

A different Ime from Giemsa’s was followed by MacNeal, 
though both were ammated by the desire to place Romanowsky 
dyemg on a scientific basis MacNeal placed the emphasis on 
methylene violet. This substance is insoluble m water unless other 
thiaxmc dyes are present, but soluble m alcohols and to some ci 
tent m mixtures of alcohols and water MacNeal found that by 
Itself or m the presence of cosm it would not dye chromatin at 
all, but in the presence of methylene bhie it showed its meta- 
chromatic property by giving the usual Romanowsky purple to the 
chroraatin of leucocyte*. Strangely enough, it did not colour the 
chromatm of the malarial parasite. 

MacNeal did not deny that the Romanowsky effect could be 
produced by the azures, but thought that the mctachromatic 
colouring of the chromatin of leucocyte* was best achieved by 
methylene violet m the presence of methylene blue. He thought 
that ^e ordinary method of polychrommg methylene blue to pro- 
duce the Romanowsky effect resulted m a preponderance of 
methylene violet over azure, and that the former was chiefiy 
responsible for the mctachromatic dyeing of chromatin. 

MacNeal used azure A to give a radish colour to the nucleus of 
parasitic Protozoa for thi* is not given by methylene violet His 
excellent tetrachromc mixture therefore consists of methylene 
blue, methylene azure A methylene violet, and eosin dissolved 
in methanol It is used exactly like Leishman s. One might 
suppose that it could be improv^ by the substitution of azure B 
for azure A but for some unexpUmed reason this is not so 
on the contrary the change results m a markedly mfenor dye. 

Methylene blue itself if it could be obtained m * perfectly pure 
state, would probably be orthochromatic (p 351) Th® ordinary 
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product, freshly disiolved ts somewhat roetachromatic towards 
strong chromotrcpea auch as the granules of MasistUen^ but not 
at all towards DNA. Certam facta, then, stand out clearly from 
what has already been amd m this chapter On standing in solu 
Don, but particularly m the presence of altalme carbonatea, 
methylene blue givea rue to new mctachromatic substancea 
ttxure B axurc A, and methylene violet. It a these that are re 
sponsible for the purple or red colouring of the chromatin of 
leucocytes by the Romanowaky techniques, while methylene blue 
gives Its own, contrasting colour to basiphil cjtopUsm eosm dyes 
the eosinophil granules and red blood-corpuacles In order to have 
a solution of known and mvanable composition, it u best to use 
weighed amounts of methylene bhie, aiure B or A, and eosm with 
or without the addition of methylene violet The banc compo- 
nents ahould sbghtly predominate so as to help the dyes to remam 
temporarily m si^utioa in aqueous media A stock sokttion should 
be made by diasohTng them in methanol or in a mixture of this with 
glycerol This aolution ahould be strongly diluted with water when 
staming is to begin, so as to permit lonieatioD of the dyes. No dye 
that does not true ipontaneo^y m the polychroming of methylene 
blue has any specaU virtue in l^manowaky dyeing 

Certam problems remain. The reader may have noticed that less 
emphastt has been placed on neutral dyes towards the end of this 
chapter than at the begmmng The Rotnanowsky dyes originated 
by the application of Ehibch s idea and ncutial dyes do m fact 
exut in the dry state. It ts doubtful however whether they play 
any important part m obtaining the Romanowaky cffecL \Vhen a 
neutral djT u dissolved m water lonuation must occur and the 
dyes presumably set mainly ss ions. Some undissoaated rnoleculei 
may indeed, remain but these would be i*ery unhkcly to react 
with DNA. They might coocei\*ably dmolve m hpids, and this 
could perhaps account for the colouring of the neutrophil granules 
but the strongly nadic chroraatm would attract only the banc 
dye ions. 

In an ordinary solution of methjlcne blue or the arurei, 
chlonde ions arc present m an onlinar^ solution of eosm, sodium 
ions. If an exactly balauced compound of methylene blue or axure 
with eosm be prcapltated the preapitate dissaved in methanol 
and the methanol then diluted with water there wtU be no 
chlonde or sodium ions m the solution. This fact cannot account 
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for the RomimerwBky effect* for the dyea act in almost exactly the 
tame way if dissolved together in water without elimination of the 
inorganic ion* and anyhow chlondc 10ns arc present in the usual 
mixtures, since the basic dyes are present m excess. 

The evidence suggests, then, that the formation of a neutral dye 
docs not m itself confer important special properties, jet it is a fact, 
estabUfihed more than half a century ago by Giemsa,^**’^ that 
azure chlondc makes the nucleus of the raalanal parasite only 
feebly \ioIet, while azurc/cosin makes it the desired brilliant red. 
Similarly, polychrome methylene blue alone does not give the 
Romanowsky effect with the nuclei of parasitic Protozoa, but if 
the smear be treated previously with eosin, the charsctcnsoc red 
colounng results Since cosm alone ^vill not d3rc the nucld of 
these organisms, there is obviously a problem to be solved. 

The dyemg of the chromatin of leucocytes is not the lame 
process as the dyeing of the nucleus (or part of the nucleus) of 
Protozoa It IS to be noticed first of all that the colour is differcnL 
The nuclei of Protozoa ore dyed a much purer red than the 
chromatin of leucocytes, which is usually coloured purple, 
rurther, the chromatin of leucocytes is similarly coloured v^ether 
eosm be present or not, whfle Rpmanowsky dyeing of the proto- 
zoan nucleus is dep^dent on the use of eosin When the granules 
of MaststUen are coloured purple by a Romanowsky dye, we arc 
concerned simply with what Pappcnhcim meant to call the 
substantive metachromatic basiphibo of aadic objects (though he 
acadcntally said ‘subjective’ when he meant substantive) The 
same applies to the chromatm of leucocytes, Pappenhcim regarded 
the red coloration of the nuclei of Protozoa as an example of 
adjective metachromatic neutrophilia that is to say he considered 
that the nuclei of Protozoa were neutrophil’ in his sense and that 
the eosin pbyed the part of a mordant in the process of dyeing 

The idea that cosm might act as an aadic mordant for a basic 
dye (unlike the usual basic mordants for aad dyes) seems to have 
suggested itsdf to Nocht long before, Nocht had reason to 
suppose that resoranol might replace cosm in Romanowsky dye- 
mg This idea was further developed by Unna,*^* who found that 
potassium tnbromophcnolate, o colourless substance related to 
one part of the eosm molecule could replace coein m Romanovvsky 
dyemg The nuclei of Protozoa were dved in a colour cicsdy 
rcsembhng that given when eosm was used (Both Urma and 
Gicmaa ^ considered that the colour of cosm itself slightly m 
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fluenced the final result of the dyemg of the protozoin nucleus by 
Giemsa 8 method even though coam by itself doc* not colour 
rt.) 



Partly as a result of his researches on the nuclei of free Imng 
amoebae,*^* Unna caioe to the conclution that the substance m 
the nucla of Protozoa that react* with Romanowaky dyes to give a 
red colour is not aadic ch r om atin ^ but the highly basic protein, 
protamine. He considered that eocin (or a substitute) combmed 
chemically with this and also with the basic dye. The latter he 
beheved to be the immo-base of asymmetrical dunethylthianiDe 
(azure A) The imino-base* of the azures are red. If one of these 
is m fact responsible for the colounug of the protozoan nucleus, no 
question of metachromasy anses. The evidence suggests strongly 
that the desurd colour is best given when azure 6 and eosin (or a 
substitute) are present but whether the azure sets u a base or 
meti chromatically as an ion whether the substance dyed is really 
protarame, and how the ecsin affect* the result, arc still unsolved 
problems. 

A full explanation of Roraanowsky dyeing has not yet been pro- 
vided but the msm outline of the process is understood and 
sufEaent knowledge has been gamed to allow the preparation from 
pure dyes of solutions that can be rcbed upon to give the striking 
effect that is desired. 


8 



CUAPTER IS 


Introduction to Vital Colouring 


It IS about 8o jeara nnce Ran\ier, the well kno^vn French 
histologist stated uneqm\’ocadly that cells could only be d>*ed 
when dead Vrtaldjcingofavei^ special kind, by natural colouring 
agents, had actuaUy been described by Trcmblej xnore 

than a century and a quarter before but Trtrabley’s methods had 
not been followed by others, and Ranvier s remark was m accord 
ance with the behefs of his time As a matter of fact the ebbonrtely 
named Polish pathologist, Chnonaicxewsky, had alreadj m 1864 
injected ammomacal carmine mto the blo<^ stream of mammals 
and shown, b> the exaounation of sections, that the cytoplasm of 
the comolut^ tubules and Henlcs loop was coloured,^ and 
indigo-carnune had been used successfully for the same pur 
pose but no one had actuall) watched the imbibition of a syn- 
thetic dye by a Imng cell This was first done in 1878, when 
Brandt, in B«hn coloured the hpid droplets m the cy-toplasm of 
hving Actmosphamum with Bismarck brown.** 

There was sporadic use of this and other Mtal d)ct m the 
following years •• and the golden age of ^^tal dyeing started 
about the middle of the eighties Pfeffer ”• m Tflbmgcn was the 
first to m\’estigatc the action of dyes on the living cells of plants. 
In a comprehensive study mvolving the use of many kinds of cells 
and many different dyes, he showed that the cytoplasm and ^•anou5 
granules and vacuoles could be tinged during life, whfle the dye 
often accumulated m the cell sap, sometiraes m the form of 
crystals, Ehrlich followed Pfeffer and became the mam motive 
force behind research mto the action of vital dyes on the cells of 
■nimaU (fig 29) He showed that methylene blue (already used by 
Pfeffer) would colour Imng axons and nerve-endings and thus 
demonstrate thor course. He introduced mto this field of 
study the colorant vital par exceUeneXt as neutral red has with some 
justification been called.*' The work was ably developed by 
Arnold,'*’*' Michaelis,*" Fischel,'*’ Hmimel **» and de 
*74 
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Betuchimpt.*^ It is a curious fact that whfle miny others were 
pitying unaaentifically at non vital dyeing these men were 
miiing fuch a profound study of the Imng cell that their papers, 
published from 1886 to 1911, can be studied with profit at the 
present di^r’^fehrhch regarded his work on vital dyea as the basis of 
hii later pham^cologial researches. He was struck by the strange 
specificity of vital dyes, and looked for chemical agents tiat 
would be equally specific m attaching themselves to harmful 
parasites.*** In mtroducmg meti^Iene bhie as t vital dye for nerve^ 
aons,i“ he mdicated that he had been trying to find how poison 
oui substances might distribute themselves differentially among the 
tisiucs of the body, and used a dye m his erpenments because its 
colour would announce its distribution 
Certain non Imng parts of organisms may be coloured equally 
well and m the same way whether the animal be alive or dead and 
without any necessity for the dye to enter Imng cells. The jelly of 
colonial RadioUna, tubes of vanoua Protozoa, the mter^ular 
matter of many Metazoa, end the pentrophic membrane of insects 
provide examples of what de Beauchamps ** called pseudovital 
colounng This is a process that does not require special considera 
tion here, because there is no important difference from the dyeing 
of any other kind of non Imng matter 

use of vital coloration has become less frequent smee the 
introduction of phase-contrast and Interference micro sc op y be^ 
cause these methods enable one to study the hving cell m as natural 
1 state as possible. Extremely vahiable though they are, phase- 
contrast and mterfcrence depend wholly on differences m refrac 
trve mdex between on object and its surroundings. They cannot 
therefore, give os any direct information about chemiad com 
position The mam virtue of vital dyeing ta that it cnTlt attention to 
the heterogeneity of cell indusiooa. Some of them colour with one 
dye, some with another These are mdications of chemical 
divcnrty, and vital dyea sometimes give useful pomters towards 
compoMUon. Further an inclusion that is of the same or nearly 
the same refractive mdex bs the ground cytoplasm end therefore 
invisible or nearly so by phase-contrast or int^ercnce, may take a 
vital dye strongly/** Beyond this, as we shall see, the vital 
•ctmty of the cell in responding to the presence of the djx may 
gn-e us mfoimatlon of particular Interest The examination of the 
untreated cell by the newer optical methods should go hand m 
hand with studies made by direct microscopy v.ith ^^tal coloration. 
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la necessary to distinguish between two quite different wiy» 
in which coloured substances can be used m the study of living 
cells On one hand certain particular cells actively tatr up coloured 
particles m the course of their ordinary function of climmating 
foreign bodies On the other hand cells of all kinds allow certain 
dyes to infiltrate into them and to colour cerium prc-custent 
cellular constituents^ For the clear distinction between these two 
kinds of vital colouring we arc largely indebted to von Mollen 
dorff It 18 obvious that the second kind of vital colouring 

has much more general mtercst than the other It will be con 
vcment to consider the more special kind first, m order to leave the 
field clear for a detailed study of the wider subject. 

The cells that actively take up coloured particles arc those of 
the excretory and phagocytic eystems, especially the rcticulo- 
cndothehal system of vertebrates, and particular coloured sub- 
stances may indeed be injected into the blood stream of an anunsl 
with the debberate intention of finding out which ceUi have the 
function of excreting or storing foreign particles The coloured 
substances used for this purpose need not be dye* it is only 
necessaiT that the particles should be suffiaently srnall for uptake 
by single The carbon particles of Indian-ink are suitable. 
Carmine may be used in the form of minute, insoluble parhdes. 
The only dyes that arc suitable for use m solution are those that 
have a strong tendency to fioccuJate into particles of coHoidal 
dimensions, Certam aad disaro dyes, especially trypan bhic, ue 
particularly suitable. A considerable number of such dyes has been 
used, and some have even been synthesized especially for the 
purpose but it would not appear that any of them arc supenor 
to trypan blue for general use. 

This kmd of vital cx>lounng was mvented by Baron von 
Glachen nearly two centuries ago, m the course of his investi- 
gation of the way m which ctliates nourish themselves. He knew 
that madder coloured the bone of animals fed on it, and sought to 
apply a similar prcxicss to microscopical organisms Particles of 
carmine w er e eaten by the animnlg and seen m the food vacuoles. 
The method was copied by other protozoologifts, especially 
Ehrenbcig,^*^ but appears not to have been noticed by histologists 
until Ranvier began injecting various insoluble cxdotinng 
agents (anilme blue SS, vermilion, sepia carmine, and others) inW 
the doraal lymph sack of the frog and subsequently examining the 
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leucocytes. He also saw the latter ingest coloured particles on a 
nucroscopical slide. 

Nowadays rt is usual to make one or more suboitaneoui in« 
jectiona and then to kill the animal, generally after the lapse of 
several days, and fix the bsaucs with a suitable fixative (often 
formaldehyde or rocrcunc chloride or Zenker) Sections are 
prepared and stained with a dye that contrasts in colour with the 
vital colouring agent. Particlea of carmine and other insoluble pig 
ments naturally remain m position but it is a remarkable and con 
vement fact that the soluble disazo dyes used m this kind of work 
do not quickly dissolve out of the cells dunng the after treatment, 
presumably because their escape is impeded by the coagulation 
of protems round them As a result, it ts usual to make observa- 
tioni on sections mounted in Canada balsam although the uptake 
of the coloured substance was an active, vital function of the 
cdls 

It IS not perfectly clear whether the disaio sad dyes sometimes 
flocculate outside the cdU and are then engulfed or whether they 
alwtyi penetrate in t finely dispersed state and are then aggregated 
into microscopically visible particles within the cells.'^t seems 
likely that the fate of such aad dyes u can penetrate cells depends 
on their ability to flocculate. Those that cdst as small molecules or 
10ns with little tendency to chimp together are not used m vital 
studies of this kind lliey difluse out of cells as easily as they 
diffuse m. Those that oust as Urge molecules or ions — notably the 
disaro and tnsato ” dyes — have a tendency to clump these are 
c ap t ur ed if they enter certam cell^**’ In some cases, especuDy 
m excretory as opposed to phagot^tic cells, it seems certain that 
aggregation occurs after absorption In the kidney tubules of 
vertebrates, droplets containing such dyes first sppear m the region 
of what IS commonly called the Golgi apparatus, and subsequently 
spre ad into the ground cytoplasm-*** 

Whether insoluble particles or soluble dyes are used it is char 
actcristic of this kmd of colouring that pre existent objects m ccHs 
do not take up the colour Thus, even if the colouring agent used is 
a dye, it does not act as a dye m these circumstances, since a pre 
requisite for dyeing is somrthmg that can be dyed Ramicr was 
perfectly logical in using vital colounng agents of this kind while 
claiming that cells could only be dyed when dead The soluble 
colounng agents used in this kind of work may give a slight, 
difFusc colour to cellular or mtercellular matter but the reaction 
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for which they arc UMd is active aggregation by the cells into new, 
micTDScopically-viaiblc droplets or irregular particles. 

The rest of this chapter and the whole of the next will be de- 
voted to what may be called general vital colouring, that is to 
say the kind of ^^tal colouring that is apphcable to cells of all kinds. 

The number of colcmnng agents that have been shown to be 
really useful in this kind of work is srnalL We scarcely need more 
than the folloiving though a few other* have limited uses and will 
be mentioned below — 

dahha (tnarylmcthane) 
bnlhant cresyl blue (oxazinc) 

Nile blue A (oxaxine) 
azures A and D (thiazine) 
methylene blue (thiazme) 
neutral red (axinc) 

Janus green (otine-azo) 

Bismarck brown (ozo) 

Fluorescent d)e 8 arc sometimes used vitally,**® but it would 
not appear that they are superior to ordinary vital dyes m most 
cytological studies, and ultra violet bght does not commend itself 
as an illuminant for hvmg cells, 

The dyes used may be presented In very different ways. Aquatic 
arumals may simply be placed in a solution of the dye. This is in 
deed the only practical \vay of colouring most Protoioa, and it was 
employed by Brandt * when he mtroduced the use of dyes as vital 
colouring agents, Ehrlich used the same method with tadpoles 
when he mtroduced neutral red os a vital dye.'l.iow conccntrationi 
must necessarily be used even with the least tocac djcV^Ehrlich 
used neutral red at concentrations from ck) 1% down to one-tenth 
of this. If the orgamsra Is small, it may be exammed intact under 
the microscope. If it 11 not small, loose cells or minute pieces of 
tissue roust be removed, still hvmg, for examination m a suitable 
saline mednim. 

An altcmatn'c method, applicable to all animals that 
enough Is to inject a solution of the dye either subcutaneously or 
into a blood \'c»scl or else mto one of the cavidcs of the body For 
this purpose it is best to use a freshly made solution at high con 
centration (about 1% or l%)'^'%almc solutions of vital dyes shouJ 
not be kept for a long tune smcc these dyes have a special tendency 
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to be flocculated by »alt»/fp 2go) It a tmaJ to give Krveral m 
jectiora at mtervali of hour* or days and subsequently to remove 
fragment* for study rvliile still alive m a talme medium 
Another method is to mix the dry dye mth the food The fact 
that bone* become coloured if an animal eitt madder appear* to 
have been known to the Chmese of antiquity but this should 
be regarded as an example of pscudovital colouring Lipid- 
eohible colounng agents may be dissolved m edible fats. The 
method a simple but ha* the disadvantage that dosage cannot be 
easily controlled, 

'^ct another method is to remove loose cells or minute fragment* 
of tissue from the body and place them m a solution of the dye m 
a saline fluid of the right osmotm p r e ssu r^ A concentration of 
0*01% or IwM IS usually best. It is co n venient to keep stock solu- 
tion* at 1% or m distilled water and to dilute theae with the 
appropriate aalme aohitmn just before use. Michaclis ’** called 
thii important method of vital colounng Die post i no r tals FSrbun^ 
but there la, of couiae, no reason why the animal from which the 
cell* were taken should die. Ar^d “ made a carehil study of 
the dyeing of Uberlehender cefls.Tle chose this very suitable term 
because the cell*, having been removed from the body turvtwd 
during the period of colortooiL This should properly be called 
sarvTviI Of supervital dyeing (see p 329^ 

'^If one prefers to leave ccDs m their natural mediuin during the 
process of supervital dyeing it » possible to dissolve the dye 
directly m the natural medium and thus avoid the use of any 
artificud salme sohitiorL To do this, the dye is dissolved m absolute 
ethanol, and the solution spread on microscopical glass slides and 
evaporated to dryness.*** When a drop or two of blood or any 
other natural fluid that contains cells is placed on a shde that has 
been treated in th» way the dye di**oh-c* m the fluid and colour* 
the Imng cells. It t» desinble to take precautions to ensure that the 
ethanol is not contaminated by anything that could damage the ccU^ 
A routine microscopical preparation of dead tissues focuses the 
ob*crver s attention on the dittiibution of chromitm The appear 
ance of ceD* after vital dyeiog » entirely diffcrent^tJsiially the 
nucleus and ground cytoplasm arc acarcely or not at all affected 
andMtttcntion n focused on certam cytoplasmic mchisions, the 
existence of which is not even suggested m the routine shde The 
principal mchision* that coloured are certam vacuole*, lipid 
^obulcs and mitochondria. The vacuole* that are coloured arc of 
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vanoufl kmda The food vacuoles of phagocjrtic cells have a par 
ticulariy strong tendency to take up \ntal dyes The hpid globules 
that colour casfly are commonly those that do not consist simply of 
tnglyccnde. 

Either the groimd cytoplasm or the nucleus or both are occasion 
ally tinged , the nucleolus is sometimes more strongly coloured 
The nuclear colounng, apart from that of the nucleolus, u generally 
diffuse a chromatic network, like that often seen in fixed pre- 
parations, docs not appear Strangely enough, the \'cry first paper 
that recorded direct vital d)’eing with a synthetic djT: mcluded also 
a descnption of vital nuclear dyemg for in his work on Actino- 
spJiamum Brandt dyed not only the hpid globules of some 
specimens with Bismarck brown, but also the nuclei of others with 
haematein Unfortunately he did not state the concen tr ation of hn 
‘Hacmatorylm’ He must have used the dye without mordant A 
few year* later •• he obtained nuclear colounng of vnnous amoebae 
with the same dye. Moat of the colour was m the Nuclnnkugtln 
(prcstimably the penpheral bodies now known to be nucleoli) He 
also achicN*^ the tour de force of double vital dyeing, by fiiit 
colounng the Iipid globules of a Imng Protoroon with Bismarck 
brown, and then its nucleus with haematein 

The nuclei of many different cells of plants were eucetssfuDy 
dyed m life by the Bntish botanist Campbell, working under 
Pfeffer s supervision at TObingen He used rmravcine, dahlia, and 
methyl violet Hu studies were earned out chiefly with speacs of 
Tradetcantia, the stominal hairs pronding most of ha roatcnal, 
he also used the spermatoxooids of Characeae, and vanoia other 
cells Protoplasmic streaming pronded evidence of the vitalitj of 
the stationary cells, whfle the spcrmatorooids with dyed nuda 
showed that they were ain’t by movmg about In a few cases 
Campbell was able to dye the 'segments’ (chromosomes) of 
dividing Tradneantxa cells and to watch them movmg apart at 
anaphase he also saw them begm to undergo their telophase 
transformations 

The cunous but careful observations of Brandt and Campbell, 
datmg from about 70 years ago deserve to be repeated 

It has been suggested that Hcidenhain and Neisscr^ dyed 
nuclei vitall) m 1874. This ts e xtr e m ely improbable, 
tinguished in\-cstigator8 injected mdigocarmme into the 
jtrenm of rabbits, waited till the unne was blue, then fixed the 
kidneys m absolute ethanol and cut thm sections. A blue colour 
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wi» certaluly seen hi Ac nudei but there u evny reaton 
iuppo#c thit the chromtUn WM fixed by the ethanol and then dy 
by mdigocaraune taken op from the tiaaue by the fixative. 
'-'^Tht het that chromatin i# uauiUy not coloured may be due 
part to the dye having difficulty m penetrating the nuclear tnei 
brine. It 1 * probable, however that another cauae is more n 
portanL The DNA of chromatm n combined with protem dun 
life, and rta phosphonc group* may not be free to react with bai 
dyes unless a fixative baa acted^ 

There 18 not one *et of dyes that colour* one sort of cytoplaarr 
incluaion exclusively and another act that colours anothi 
Ncvcrthelcas, the dyca do not act quite unpredictably Neut 
red ha* a atrong tendency to coJour vacuolet, and the phra 
neutral red vacuole* was at one time commonly used There 
howeve r no reason to suppose that all vacuole* colouring wi 
neutral red ha>’e important features m common and rt must i 
remembered that this dye also colour* many bpid globule*. Me 
vital djx* colour some kinds of Irpid globule*, while few of the 
colour mitochondna Dahlia, however colcair* both hpid globuJ 
and mitochondna, and Jtnua green B show* some degree 
speaficrty for the latter (sec p 293) This •peafierty ha* howevi 
been exagg er a ted, for it dyes strongly the o xy fi a v o ne* that colo 
the vacuoles of plant cell*, and also certain plastida, though the 
less strongly than mitochondria ** it also dyes the external pj 
of the paranuclear bodies ( Golgi apparatus ) m the pnina 
spermatocyte of the anaiL*** Bnlliant crcsyl blue has a tendency 
dye the nucleolus, as the Lewises noted long ago m the course 
their work on cell culture.’®' 

Certain cytopliamic mchistons are coloured metachromatKal 
by particular vital dyes. A striking instance of this was report< 
by Lauterbom -nrcll over 60 >*cars ago He found that whi 
certam diatoms were stained vitally with methylene blue, the 1 
cluaioni known at ‘BfltschlTs granolea were coloured rcddi: 
violet. These granule* contain or coimat of the substance 1 st 
called ‘volutm that is to a^ of macromolecular metaphosphat 
(p 246) It IS probable that the metachromatic colouring attribut 
by Lauterbom and other early workers to methjlene blue was 
fact due to the highly metachromatic asures A and B which ohva 
form in old solutions of methylene blue (p 368) At about d 
same time BoUcs Lee **' noted \ital metachro m atic stamingof d 
NeheTfkfm of the primary spennatocytes of the snail with an o 
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solution of methjlene blue. The hyaline substance of the regwn 
became Molct, while the external parts (so-called hdtoimets) were 
blue. A few years later Ancel • reported the red vital colouring 
by methylene bhie of globules m this region This has recently 
been confirmed by Roque, who used toluidine blue. 

These early records are mentioned here because some wirters 
suppose ^^taI metachromasy to be a modem discovery ‘“'^hc 
dyes used m more modem work have been new methylene blue,** 
azure B,*® and toluidme blue/^ ^ 

''The inclusions that are coloured metachromatically during life 
arc by no means necessaiilj S*olutin granules In the higher 
animals they commonly contain or consist of mucopolysac 
chandes.®** They sometimes occur m the part of the c^ that is 
blackened by the C^lgi’ tediniquc^i^ 

'“TTiere is one itrikmg difTcrcncc between orthochromatic and 
metachromatic vital colouring An object that is chromo trope m 
life IS commonly chroraotrope also m fixed preparations. In other 
words, the chromotrepe substances are not easily altered by the 
fi x ati on of the cell, but remam m position and continue to show 
their characteristic effect upon dye^'^ipid globules, on the con 
trtry are either not retamed m preparations of dead tissues, or 
else do not colour speoficaUj with the same dyes that coloured 
them in life 

^ Smee the cytoplasmic mdusions could not be coloured unless 
the dye passed thimigh the ground cytoplasm it is natural enough 
that the latter is often slightly tmged '’'ITus is usually not helpful, 
but m one particular case the colouring of the gitmnd cytoplasm a 
the object desired. It was disco^rred by Ehrhch *** m 1SS7 thit 
certam nerve-fibres and nerve-endings, especially m the taste- 
papfllae of the frog are coloured during hfe by methylene blue. 
He says that thionme and its dimethyl derivative give metachro- 
matic colouring of ner\*e-endings, and this is probably the earliest 
mention of Mtal metachromasy This colouring of nciTe-fibrcs » 
due to the uptake of the dye by the axon The cytoplasm 
body of the nerve-cell also becomes coloured. Other kinds of cells 
may be dyed m the same way but they begm to lose thar cdour 
while the axons are becoming darker, m the mamm i ls, h^- 
folhcles and sebaceous glands rctam the colour longer than o’ 

non nervous tissues, ^^‘Ehrlichsdiscovcrywas of great impoitt^ 

to neurology for it simplified the tracking of nerve-fibres, 
avoiding artifacts due to metallic impregnation. 
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When a Imng cell, itimed tupemtally, hi* been under examina 
non for an hour or to wrthcnit any precaution* having been taken 
to keep rt alive, its appearance begin* to change. Water often 
separate* finm clo*c **sociation with the proteina of the cytoplasm 
and appear* m the form of vacuole*. These vacuole* hair a ten- 
dency to colour with neutral red. It t* important to distinguish 
betwee n thc*e new formation* and the prc-exijtmg bodie* that 
have a particular tffimty for this dye. At length, whether tha 
vicuolation ha* taken pUcc or not, certain ur e v c rsf ble change* 
occur which are made very evident by the presence of the dye. 
Previoualy as has been remarked, the cell bore little retcmblince 
to what 1* seen in a permanent preparatian Now auddenty 1* 
no longer so A network appear* in the nucleua and take* up the 
dye strongly, and cytoplasmic mclusions that were coloured m 
Uf^become mvaible. 

'“ 4 n general one ihould not exp ect a dye to give the tame picture 
when used vitally a* it give* m fixed preparations. This is not 
simply because fixation and embedding dissolve out certun colour 
able cell inclusion* and change the reactions of othen. In fix^d 
preparation* the dye penetrate* most of the tissues at the concen 
tration at which we present it, and we detenrune the end point of 
It* reaction either by removing it when a desired effect hat been 
produced, or by differentiating In vital colouring on the contrary 
a* de Beauchamp* pomted out half a century ago our solvent 1* 
not the solvent m which the dye » p resen ted to the objects con 
tamed m cell*, nor can we directly control the concentration at 
which the dye will act, A state of equihbmim a gradually built up 
between the dye a* we present it and the fluid of the cell, and that 
equihbmim a not under our controly' 
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Three rcquirementa rauat be satisfied if a dye is to be used m 
general vital work- It must be able (i) to enter cells of ranous 
kinds (2) to diffuse through the protoplasm without kiHmg the 
cells, and (3) either to colour certam pre-enstcnt cell inclusions 
distinctively, or to colour the whole of the cytoplasm of particular 
cells 80 strongly that the cells and their processes stand out from 
the surrounding mtcrccUular material and from other cells. In 
short, the three requirements are penetration, hannlcastiess, and 
some degree of specificity/ 

The dyes that satisfy the three requirements are all baste, but 
by no means all basic dyes satisfy them. A glance st the list of 
particularly useful general vital dyes on p 278 will show that they 
do not all belong to any particular chemical group Indeed, nearly 
all the grcMps mention^ m the chapter on the classification of 
dyes (p 169) provide examples that can be used ntahy Haden- 
hnin claimed that most vital dyes, and the best, were oxannes, 
thiaxmes, and axines, and that when, as m 8afranine,'^c of the 
central nitrogen atoms became qumquevalcnt (or as we should say 
today pomtively charged), vttfll dyringmiano longer possiblt^/There 
18 some truth in these statements, hut in fact it is not possible to 
generalize about the chemical composition of vital dyes in such 
simple terms. The special characters of vital dyes will here be 
considered under the separate headings of penetration hannlc**- 
neas, and spccAaty 


Penetration 

A few hmds of cells arc so large that dyes may be 
them but the danger of mechanical damage usually outweig^ 
the advantage of certam and controlled entry, and anyhow c 
method 18 not applicable to most cells^In ordinary vrtil wort one 
arranges that the cell shall be bathed m a solution of the dye, 

*84 
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the process of pcnetritjon i» not under the direct control of the 
expenmen ter/ 

The ability of dyes to enter living cclli was first studied 
lystemsticilly by Overton.*” He was engaged on the researches 
tint proved the existence of s cell membrane having different 
properties from the ground cytoplasm He found that basic dyes 
entered cells readily but sulphonated aad dyes slowly or not at 
tlh He noticed that basic dyes were soluble m melted cholesterol 
and m leathin dissolved m wa r m benzene, and also that leathin 
and other phosphohpids suspended m water tate up basic dyes 
strongly Most add dyes, on the contrary arc insoluble m these 
solvents, and scarcely or not at all talen up by suspended phospho- 
lipid Ov ert on conduded that the penetration of basic dyes mto 
was made poiaihle by the presence of hpid m the cell 
membrane. He was confirmed m this view by the facts that methyl 
orange and tropaeolin, though aad dyes, have some capacity to 
enter cells, and differ from most aad dye* m being somewhat 
soluble m leathin solution and capable of absorption by suspended 
leathin. 

Fbchel mxdj an interesting generahiation about the chera»- 
try of vital dyes, ne pointed out that m these dyes the hydrogens 
of the ammo-groups were commonly (though not ahvays) rubsti 
tuted by methyl or ethyl Pararoaanilineand roaamhn for instance, 
are not usable ntaHy but the rdated methyl violet (with methyl 
groups fubstitutmg some of the ammo-hydrogens) and especially 
dahla (with ethyl groups) are useful vital dyes. Fachd s gencraliia 
tion applies to seven of the eight espeaalJy valuable vital dyes 
listed on p 278 The substitution by methyl and ethyl would tend 
towards solubiltty m hpids/Not all basic dyes are hpid soluble. 
As Selu showttl rt ts especially those that are soluble m lolu 
tiona of leaihm that are able to enter Imng cella. 

The capacity of dyes to pass through a layer of a hquid hpid or 
of a hpid-solvcnt such as chloroform may be atudicd by the use 
of quite simple spparatus **• A honrontid glass tube is turned 
vertically upwards at each end and a vertical tube is connected 
with It at Its middle point Enough hpid or Itpid solvent ts jmt m 
the apparatus to fill the horizontal tube and nsc some distance in 
the vertical ones A solution intended to represent a cellular fluid 
may now be added to one of the end tubes In the ongmal experi- 
ments actual sap taken from the very large vacuole of Valoma 
(Siphonocladnles) was used The aqueous solution of a d}e is put 



UTEINC 


aS6 

m the tube at the other end. Medianjcal sturcrs m the end tubes 
keep the dye solution and sap (or other fluid) moving while the 
middle tube adnuts a stirrer to the hpid solvent. After the lapse 
of an hour the concentration of the djr that has diffused through 
the hpid 8ol\*ent into the sap u determined colonmctncaDy 

There is a general correspondence b e twe en the rapidity with 
which a dye passes through a layer of chloroform and its ability to 
enter cells of various kinds, but the rcbtion is by no mcara 
exact.**^ ^ In the circumstances of the expenment the chloroform 
contams a c erta in amount of water, and it has been pomicd out 
that passage through the layrr of chloroform docs not actuallv 
prove the necessity for lipid solubility It has been held ** that 
\ital dyes may enter the li^g cdl by cither an aqueous or a hp J 
path, and that the former is open to the cations of basic dves. 
Seki,^*® however found no correlation between the difftisibilitv 
of basic djxs m aqueous media and their ability to enter Irnng 
cells. 

In his paper of 1S87, in which he mtroduetd methvlcnc blue as 
a Vital colouxmg agent for nerve-fibres, Ehrlich mentioned that 
the dye tends to be reduced, to its leucobase m the tissues and m 
this state to diffuse casilv mrt 0/ cells. Todav the readv diffusibilitr 
of leucobases trrio cells is of gre a ter interest- It is usual to reduce 
methjienc bhie to its leucobase m order to mate it enter axons 
more ea^y'-^The reduction of djes to leucobase* for this purpose 
mav be done by adding sodium thiosulphatp and aadifymg/The 
resultant sulphurous aad acts as reduce^ Alternatively one miy 
use a com p ound of sodium tulphooDfdate (NaHSOa) with formalde- 
hyde/ This substance (with two molc^cs of water) is sold as 
v^tc lump* or powder under various trade names (Rongalit, etc.). 
It was us^ by Unna for the reducron of methylene blue long 
ago Its power to reduce dye* derive* from it* capacity 

when m solution to take o xv gen from water and thus convert 
itsdf to the compound of aad sodium sulphite with formaMe- 
byde — 

NaHSO^CHjO + Uf> NaHSO^CHiO H, 

The hydrogen formed by thm reaction combine* with the dve. 
The commercial product contains some sodium sulphite (N*«SQ^ 

which give* an alkaline reacti'TO to the solution- Since the leuco 

IS formed more slowly m alkalme solution, and also tends to 
preapitated, it is usual to aadify sh^tly with hydrochloric aa 
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For an enmplc of the practical luc of sodmm lulphoxylate/ 
fomuldehjde m the reduction of methylene blue for vital studies, 
sec Smith-^ 

The penetration of leucobaaea has been inveatigated especially 
by Har™ and Pctcra,*^* who used methylene blue. The Icucobase 
11, of counc, colourless (non-chromophonc) and non ionic (p 163) 
It ts about 25 times as soluble m diloroform u m water lonttttl 
methylene blue scarcely penetrates, accept where cell surfaces have 

MttJiy lent blmt Ltvcviou meikyitm ibt» 

been damaged When the dye la used in this form, it is probable 
that part of it ts reduced in the vicimty of the cells and enters as 
the Icucobase. For some reason that has not been explained, 
addity makea the cell membrane more permeable to the leuco- 
base but if strongly add solutions are used, hydrogen ions arc 
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added to one or both of the dimethylamino-groupa, and new 
lomred forms of methylene blue arc thus produced which cannot 
readily penetrate. Aa the pH ts lowered from alkalinrty the m 
creased permeability of the cell membrane increases the uptake of 
methylene blue until pHs is reached, from this degree of aadity 
onwards the uptake is less because there a less Icucobase. 

'*^If ciliates are put m solutions of the leucobaaca of >ntal dyes a 
most surpnsmg appearance Is given, for the animals swim about 
actively with coloured macromicld It is as though a fixed and 
stamed preparation had come aliv^^^^Tuonine, brilliant creayl blue 
and soxral other dyes are suitable,**’ 'When a raetachromatic dye 
such os thionme ts used the whole organism is at first blue but 
the cytoplasm becomes violet and then raipbeny -coloured while 
the mscnmucicus remams blu^t is rather strange that the use of 
the Icucobase makes rt easier to colour the macronucleui, for 
hpid solubility would not be thought likely to have this effect but 
perhaps the cause is lunply the abundance of the colouring agent m 
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the cytoplasm caused by the ready penetration of the ccD 
membrane by the leucobasc 

The fact that the leucobasc colours the living cell or parts of it 
shows that the cell is able to restore the dye by oxidation. As 
Ehrlich showed, the cell is also able to reduce the dye to its leuco- 
basc The dehydrogenases of the cell take hydrogen from then- 
substrates and use the dye as acceptor, unless something a done to 
keep the dye oxidized Supervital preparations arc usually exposed 
to atmospheric oxygen while they are bemg vitally coloured, so is 
to p re v en t this reduction One really needs anaerobic conditions 
at the start, to help penetration, and then abundant oxygen to 
convert all leucobasc mto dye. A convement technique his not 
been worked out for common use, though Hams and Peters 
have achle^cd this end m a rather elaborate way 

The tendency of vital dyes to be reduced to thar leucobases 
vanes considerably Thioninc is particularly casilj reduced 
neutral red with difficulty That is to say, thionmc readily gives op 
Its ionic form m the presence of reducers, by acceptmg an electron, 
while neutral red docs not Vital dyes arrange themselves m this 
order of oxidation potentials, beginning with the most easily 
reduced (that a to say, the strongest oxidacr) thiomne, brillunt 
cresyl blue, methylene blue, Janus green, neutral red. 

It 18 rather surprising that neutral red should penetrate cells so 
particularly easily, m ^^cw of its strong tendency to retain the 
lomc form Its resistance to anaerobic conditions are well seen m 


supervital woriv, for the colour is well retained even under a cover 
slip sealed at the edges 

Despite the small value or uselessness of aad dyes m general 
vital dyeing, it is desirable to record shortly what is known about 
the capaaty of some of them to enter hving cells. A few aad dyes, 
such as orange G that occur m aqueous solution m the form of 
particles not acceding 0-64 ra^ m radnis arc able to enter certain 
cells that arc impervious to those aad dyes that arc dispersed m 
larger particles, The mdophenols as a group arc also able to 
enter hvmg cells. It has been pomted out ” that these are aad dyes 
that scarcely ionize, and it seems that entry is denied, as a rule, not 
to aad dyes as such, but to aad dye-ions The mdophenols are ^ 
further considered m this book, since they have only 
applications m imcrotechmquc The ability of certain lipid sohib 
aad dyes to enter cells has already been mentioned (p 285) 

MoUendorff called attention to one of the rare acepdons to 
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the rule that aad dye* do not colour pre-cxiftent cell mchiMons. 
Eoam, an aad dye, vrill colour aupcrvitally certain atrongly re- 
fraedk granules in connective tissue cells of the tadpole and frog 

HannUwim 

Dyes kill cells instantly if used at the concentrations that are 
customary m work with fixed tissue*. It is easy to find a concentra 
tioo (usuiOy about <>oi%) at which a particalar dye can be used 
super vita lly without killmg the cell but one can neither con tr ol 
nor ascertam the coocentraaon of the dye in the protoplasm 
except in those rare cases m which the ctQ is so large that a 
mcsiBured quantity of the dye can be mjected. It is probably for 
this reason that we have so httle knowledge of the relation between 
the chemical structure and harmlessness of dyes. 

We cannot account satitfsctorOy for the special tolerance of 
neutral red by cells, Protoioa may be cultured generation after 
generation in solutioos of this dye at high enough concentiatwas to 
colour the food vicuolea. Conjugation proceeds in Paramttnnn in 
the tame circumstances,^^ Mitotu can occur normally m the roots 
of plants bathed m this dye st ooa% or even higher concentra 
tions.^'^fany aquaoc animals can be kept for long penods m 
solutions stroQg enough to colour the tiss^^ 

Fischel made the generalization that m vital dyes the hydro- 
gen of the ammo-groups is not replaced by an aryl-group/ among 
the azine dyes, similarly those that have an extra aryl nng attached 
to one of the central nitrogen atoms (saframne, for instance, sec 
p 181) arc not usable as vital dyes. Actually Janus gr e en B has an 
extra aryl nng but thars rather a tone iital dye, which would not 
be much used if it had not a special afiBruty for mitochondria 
(p 292) Extra aryl rings may perhaps confer toxicity 

Accordmg to those basic dyes that maintain their 

electnc charge m alkaline solution tend to coagulate the cytoplasm 
and thus lull the cell. 


Speafiaty 

Diffuse colouring such as can be obtamed with certain aad dyes, 
IS useless. The dye must other colour certain cell inclusions 
strongly while leaving the background unstained or nearly so or 
else It must stain the cytoplasm of a particular kmd of cell 
strongly so that this ccH and its processes show up clearly against 
intercellular nutenal and other Linds of cells, TTie colounng of 
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nerve cells, axons, and dendntcs ts much the most familiir 
example of the latter sort of vital dycmg The special suitabflity of 
methylene bhie m this land of work is unexplained. 

Ceil mclusions are diverse chemically, and quite difFercnt 
processes arc probably involved m the colounng of different 
mclusions. The subject is very comphcated, and any attempt at 
facile presentation would be misleading 

When Nile blue colours a lipid mchision pmk or pinkish, there 
IS every reason to suppose that the red oxaxone present m solutions 
of this dye simply dissolves m the hpid, so that m this particular 
case there is no question of dycmg but only of colounng by 
solution (p 302) Bismarck brown is exceptional among dyes m 
being fairly soluble m olive ofl and rt possibly colours certam 
hpid globules by dissolvmg m them. Neutral red is very slightly 
soluble m ohvc oil, with a pale yellow colour but the other vital 
dyes arc insoluble. However, smcc most vital dyes are somewhat 
soluble m mixtures of olive ofl with Iccithm or olac aad, rt might 
be thought that they colour hpid globules by solution This is not 
so for when microscopical droplets of such sidutions are examined 
there is not enough dye m them for the colour to be visible.^ 

Somehow or other most vital djes arc a g g re gated by certain 
hpid globule* to a very high concentration- Seh relates this to 
their tendency towards flocculation. Many basic dyes arc dectiro- 
positivc through a wide range of pH, but certam of them colour 
collodion (clectron^tivc) lea strongly m alkaline than m aad 
solution, which is the opposrte of what one would expect. These 
exceptional basic dyes are dahha, Nile blue, thionme, azure II (a 
mixture of azures with methylene blue) methylene bhic, tohudine 
blue, neutral red, safranme, Janus g re e n, and Bismarck brown.** 
It is a striking fact that e ve ry one of these except safranme is a vital 
dye. Scki noted that'friost of these dyes flocculate m alkaline sohi 
tion, and he relates easy flocculation to the capaerty to colour 
vitally ^’rt^l dyes are often easily flocculated or mdeed prcapi 
tated by salts, especially calaum chlond^/* Four of the dyes 
mentioned above (Nile blue, neutral red, Janus green, and Bis- 
marck brown) tend to become negatively charged in alk a lin e 
solution.**® 

^\^lcn a vital dye colours a vacuole or other cytoplasmic m 
clumoa, It IS often seen first m the form of a speck on the 
of the mclusion.*** Satellites of neutral red are sometimes formed 
round the food-vacuoles of Protozoa.*^' The dje may also be seen 
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in the form of dump* wihin a wcuole. These facts sufjgcst 
flocculation 

'■^^though solution and flocculation no doubt play thar parts m 
particular cauct, j‘et it seems certain that d^Ting in the stnet scnic 
also occur^/^e facts are not m accordance with Fischer s dog 
matic statement, *Wthout fixation there is no dyeing of histo- 
logical prcparaDons't^Mien brilliant cresyl blue colours a nudeolus 
there IS no reason to doubt that the basic djr ion is combining 
with RN/yAletachromatK: colouring points m the same direction 
for as tve Iwvc seen the results arc often the same m Irving and 
fixed ctUv^^e can scarcely doubt that djeing also occurs when a 
hpid globule colours strongly with a vital djt. The Iipid globules 
that react in this way are not droplets of tnglyccnde or other hpid. 
On the contrary they evidcnti> contain a considerable amount of 
water and indc^ ore often spoken of os vacuolcs/ln some cases 
the refractnt index is quite low and it may even be rather hard to 
see the N'acuole without utmg a \ital dye. If the cell bursts, how 
eiTT and the vacuoles escape ftxim the c>Topbim, the lower rt- 
fractn'c index of the saline solution m which the cell is suspended 
makes them caifl) risible. That such t’acuoles contain lipid 
tnay be proved by htstochemical tests *** It u evident that the hpid 
11 disperted in water Isow phospbohpids ore easily dispersed m 
this way and when so dtspened thej present negaui'c charges (on 
the phosphoric nad component) which could ract with the dye- 
lon of a basic djT. It is probable that basic d)Ts often colour hpid 
globules and vacuoles because these c)TopIasmJC inclusions con 
tain audic lipids dispersed in water 

The food iwcuoles of pha g oc yt es arc of quite a different nature 
from the vacuoles wc haic been coniidcring It has long been 
known that food >' 3 CUoles arc strongly coloured bj neutnil red 
To pm*ent an> possibility of misundcnlanding it must be re 
marked that this has no connexion with the uptake of insoluble 
pigments or the agg re gation of aad aro djTS bj phagocjltc cells 
\\c arc concerned here with the colouring of pre-existent objects 
b} a basic dj-c It wws at first thought that the object coloured was 
the protan matter of the foodstuff in the course of digestion 
It was noticed hmrc\*er that when particles of talc were taken up 
In IcucocTtes, they appeared to become red though talc itself has 
no affinitj for the dj-e*® It was evident that the fluid of food 
vacuoles had an aJHnitv for the dvc though the ingested food often 
coloured as wclL It was remarked hj Mansion that all the axinc 
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dyes he tned were capable of precipitating t rypsm from solution 
The precipitate is coloured by the dye. This suggested that 
neutral red and other anne dyes might be used as mdicators of 
the presence of proteolytic enzymes, an idea taken up with cn 
thusiasm by Kochnng,*’^ who ^ou^t there was some necessaiy 
connexion between colouring with this dye and the synthesis or 
degradation of protein There may mdeed be such a connexion m 
particular cases, but neutral red can of course colour other cellular 
constituents than proteolytic enzymes. 

The colounng of mitochondria by Janus green B ralli for 
particular mention This dye (called green from the colour it 
gives to certam textfles) general^ imparts a blue colour to these 
particular organelles and nothmg else m the cell, if used m 
sufEciently dilute solution or if the cell as a whole takes it up, the 
mitochondria retain it when the rest of the cell has become 
colourless. This \’cry special (though not complete) speafierty of 
the dye was mentioned on p 281 when the objects that arc 
coloured by vital dyes were bemg enumerated 
Attempts have naturally been made to explam this speafiaty 
It 18 held to be related to the differential reduction of the djre in 
vanous parts of the celL Because Janus green is both an aime and 
an azo dye, its reduction is complicated At the first stage the 
azme-azo structure is retamed but further reduction splits the azo 
linkage, and a red azme dye, rather closely related to safranme, 
retults This has a tendency to give a diffuse very pale pink 
colour to the nucleus, and sometimes to the cytoplasm also Still 
further reduction produces the Icucobasc of the azme. Molecular 
oxy g en can oxidize the Icucobasc to the red azme, but cannot re- 
assemble the broken azo-lmk **• 

It has been suggested that the dye is first taken up m its bhie 
form by the mitochondria and subsequently reduced by them to the 
red compound which escapes and colours the cell diffusely 
Lazarow and Cooperstem,** who have made a special study of 
Janus g r e en , ha\'e reached a very different conclusion They con 
sider that'^e dye is absorbed everywhere m the cell, but soon re- 
duced except m the mitochondria where the cytochrome C/cyto- 
chrome ondasc s yst e m mamtains it m the oxidized (blue) form. 
They have shown that outside the cell Janus green B is taken up 
by diverse proteins and not by mitochondria only, and they con 
aider the specific colounng to be due to the vital activities of the cell/ 
•-/The Mtal activity of mitochondria can be eihibrtcd m an even 
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more »trikmg way by the o»e of colounng agents of a very special 
kind, which der\-elop colour or bccoroc more intenKly coloured on 
reduction- Thc*e are the tetrazolium salts- Their reduction pro- 


cxu. 
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ducts, which are msoluble, ore called formarans. lodo-nilro- 
tctrarohum u a pale jtUow substance, soluble m water It is 
particularly suitable for the purpose because it reacts readO) and 


ForwKOdM ^ 

rts reddish-purple formszan st^t unmobOe at the pbee of its 
fomutioti in the itssua *** The aio chromophore, to n-hich it 
owes Its intense colour will be noticed so will the absence of any 
auxocdirorae 

Succinic dehydrogenase is able to mno%-c hydrogen from 
succinate and transfer it to tctraxolium compounds, which mark 
the site of this reaction by the deposition of forrnazan. It has been 
shown that if mitochondria isobted b} dilTcrcntial ccntnfuging 
are treated with a tctraiobum salt in the presence of succinate so 
much formaian is deposited on them that the matted clumps of 
mitochondru and coloured precipitate appear aImo« bbcL In 
the absence of sucanaic the reaction does not occur *** 

lodo-nilro-tetnzoliura is hickil} tTf) innocuous and indeed 
cells from chick-embryos can be culture in solutions at 0*25“*^ 
In li\*mg nerve-fibres of the ray Hughes has been able to sec 
particles of formaian, apparently deposited in rows along the mito- 
chondria This sTiy interesting ohsm'ation requires confirmatKm- 
It seems to open the way towards a dyTiamIc histochemistry of the 
bring cell/ 



WTien a \'ital dre has been taken up b\ the mopb'm of a cell 
or liy a ccD inclusion rt u easily rcTno\*cd by alcohol and other 
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solvents, and one cannot therefore transform a vital into a perman 
ent preparation wthout taking special steps to immobiliic it In 
most cases observations are made and photomicrographs taken if 
necessary, and the speamen then discarded It is somctimca con 
>’enient, however, to retain the dye permanently m the particular 
position that it took up durmghfc If nerves have been coloured by 
methylene blue, for instance, their relations with other tissues arc 
often best seen m thick permanent preparations, rendered trans 
parent by the use of suitable mounting media. Alternatively one 
may want to colour vitally and then mate sections. 

Tlie way in which certain vital dyes may be fixed m the tissues 
appears to have been discovered by chance. It was customaiy m 
the aghtiea to make permanent preparations of small pieces of 
tissue by putting them in a solution of ammonium carnunate 
neutralized by picnc aad.*^* The chromatin was coloured red with 
carmine, the cytoplasm yellow by picrate. It was noticed that 
when nerve-preparations dyed Mtally by methylene blue, were 
treated with this picro-carrmne, the colour of the axons was re- 
tained It was soon shown that the trapping of the colour was 
due to the ammonium picrate m picro-camune, and that this salt 
could advantageously be used alone These discrnTnes were 
first reported m 1887 The methylene blue picrate deposited m 
the tissues is unfortunately soluble m alcohol 

The trapping of methylene blue m vital preparations was com 
prehensively studied by Bethc It was his object to find a salt 
of methylene blue that was insoluble m the various reagents 
commonly used m makmg permanent microscopical preparations. 
He prcapitated methylene blue from its solutions by vanoui 
amons and studied the solubility of the precipitate*. He found that 
femcyanide and molybdate gave preapitates with the necessary 
insolubihty ^Vhcn these were tried on tissues, molybdate gave a 
more finely granular preaprtatc Bethc therefore used ammomum 
molybdate, (NH4),Mo,0,i4H,0 as a fixative m the ordinary 
sense and at the same time as a fixatnx or trapping agent for 
methylene blue. He sometimes added hydrogen peroxide to 
nndirf! the dye from the Icucobase, if necessary The mcthyl«e 
blue molybdate formed in the axons was retained through paramo 
or collodion embedding mto permanent mounts m Canada balsam. 
This method of trapping methylene blue, introduced m i 895 » 
used to the present day . 

Just as methylene blue can be fixed m ner>e-axona so this an 
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Other Nital d)e» can in certain ca*« be fi-Tcd m separate cell 
inclusion*. It i* chimed that mitochcmdna can be coloured vitall\ 
by methjlcne blue ind that the dye 1* retained if pieces of tmue 
arc fixed m a solution of formaldehyde contauung ammonium 
molybdate and picnc aad i®***®* Certain granules in mammalian 
blastomercs colour metachromatjcally with toluidme blue during 
lifc.^ These granule* are tentatnd) identified as large mito- 
chondria, The metachrorrutic co/ounng can he fixed by a solution 
of mercuric chloride containing ammonmm moljbdate and 
phosphotungstic aad it is retamed in balsam Neutral red 11 
said to be fixed b) Altmann • fluid *** 

(For the use of trapping agents in non vital work, see p 224*) 



CHAPTER 17 


A Comparison between Dyeing and 
other Processes of Colouring 


The ^ords *stain* and 'ttammg* have been avoided m tha book, 
lest they should convey the impression of a particular, definable 
process. These •words are often used in biology with such latitude 
that they no longer have recognixable meaning*. It is said that 
basic fudismc ‘stains chromatin, sDver compounds 'stain* 
nerve'fibres Sudan black stams hpid The three processes arc 
fundamentally different from the chemical and physical points of 
\new It u a curious fact that the Uyman u more cauxful m hts use 
of the word He would not sa) that he stains’ a fluid by dissolnng 
a soluble coloured substance m it yet that is what we do when we 
colour hpids •with Sudan blade He would not say he stams a 
piece of -wood when he applies an insoluble pigment to it yet the 
expression '■vital staming ts often used m biology m reference to 
the uptake of msohihle pigments by cells. 

We need a phrase to cox-er all materials that 'we use to confer 
colour (or blackness) on the parts of an organisra The simplest and 
most self explanatory general expression seems to be 'colounng 
agent’ or colorant*, and the correspondmg xtrb is to colour 
These words suggest nothing but the demonstrable facts. 

Anyone may define words as he chooses, yet his usage will not 


be logical unless the objects or processes called by his name* posse** 
genuine similantics that are not shared by objects or processes to 
■which the names are not applied. Now the words dye and 'dyeing 
do have meanings, even if the limits of what is meant may be rather 
diffi cult to define. We shall here pass in review a senes of piocc»es 
departing m varying degrees from the process of dyeing as de- 
scribed m the preceding chapters. We shall start with coloration* 
that obviously do not mvolve dyemg and pass on step by st^ 
through vanous intermediates until wx reach once again the Ri 
stances and reactions with which wc have famihanted ourselves. 
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than then be m a position to fonnulate more exactly what wc 
mean by d}^* and dyeing 

It must be noted at the outset that noun and verb are not m 
•eparablc, for we may u»e dyes without dycmg The most obnoua 
example b the use of a dye such as carmine as a component of an 
mjection medium. Smce carmine can be dispersed m water, though 
insoluble, we may suspend it tn a suitable v^cle (such as a gelatine 
sol) and force it mto the ^rssds or other cavities of an organism, 
through the wilb of which it cannot escape. When microscopical 
prepantions are tubsequcntty made, the colour of the dye ddines 
the form of the cavities. There is here no question of a process of 
dyeing or of any reaction with tissue-constituents. Any s tron gly 
coloured substance whatever pnmded it were insoluble but 
capable of dispersion in water, could be used mitcad. 

The uptihe of carmine and certara other dyes by phagocytic 
cells (p 37^ IS another example of a process that has nothing to 
do with dyeing The particles may equally well be of carbon m 
the form of lamp*blaci the cells xnslce no distinction, but pQe up 
the substance in tbeir cytoplasm. Nather the cytoplasm nor any 
pre-existent object m it u colouied. The process shows some re 
semblance to the sweepmg up mto a dustpan of a powdered djx 
that has fallen on the door but none at all to the dyeing of one s 
dothes. 

The simplest way in which a colouring agent can act is by 
solution in a fluid contamed withm the tissues. Water itsdf is not a 
suitable solvent for this purpose since it is distributed almost 
throughout the bodies of organisms, and ^■e^y diffuse results 
would therefore be obtained be}*ond this, man) coloured sub- 
stances that arc soluble in water would be taVen up also by pro- 
teins, so that the distribution of the water itself in the tissues 
%voiild not be displa}‘ed Separate liquid droplets lend themselves 
particularly to colouring b) solution The chief hquids that occur 
tn the tissues of organisms m this form are hpids and the essential 
otlsofplants.Thesccanbecolouredbysolution Sohd (ctystalhnc) 
hpids will not dissolve colouring agents.** ** (The essential oils 
win not be mentioned again It is to be remembered that most 
colouring agents that are soluble In hpids dissolve also m essential 
oils and thar thickened products, the resins.) 

A substance that is used in microtechnique to colour tissue 



DYEING 


29S 

constituents by dissolving in them will here be called a lysochroine 
(Greeks liixis sohiDon) Since these colorants find aorcely aig* 
application except m the study of Lpids, the ^s*o^d ^vfll be u^ by 
its^ m what follows to mean hpid soluble lysochromes, unless the 
contrary is indicated 

To present a lysochrome to a section or other microscopical 
preparation it is necessary to use a suitable solvent. Lysochromes 
are freel> soluble m benzene, chloroform, ether, etc., but these 
solvents are unusable, since they would dissolve out the tissue- 
constituents that It IS desired to ^ow A sob ent that will not dis- 
solve lipids is required It is important also that the colouring agent 
should be less soluble m the solvent than m hpids. An example of a 
fluid fulfilling these rcquircmcntB is 70% ethanoL If the lysochrome 
IS presented to the tissues as a solution m this solvent, a partition 
will tale place, some of it remaining m the solvent and the rest dis- 
solving m the hpid The amount of colour shown by the hpid will 
be governed by the partmon-coeffiaent applymg to the particular 
colouring agent m the presence of the two soh*ents concerned. 
Ideally the coeffiaent should strongly favour the hpid. 

If a preparation that has been coloured m this w^ is placed m 
70% ethanol (or other such solvent) the minute amount of lyso- 
chrome contained m the hpid ttssuc«<tmstituenls has to undergo 
partition between this hpid on one hand and the whole of the sol 
vent m the jar on the other This partition greatly favours the 
solvent, on account of its immense supenonty m \oluine. As a 
result, no detectable amount of lysochrome remains m the hpid. 
There are no elec tr os ta tic or other bonds to hold the lysochrome 
m position. No more than a dip m the solvent is permissible (to 
prevxnt preaprtation of the lysochrome, whicfa is usually dissolved 
m the ethanol near saturation) the preparation must then be 
brought quicklv mto a fluid m i^ch the colour is insoluble. 

It follows from what has been said that a fysochrome, m the 
widest sense, must fulfil the following requirements. It must 

(1) be strongb coloured 

(2) be \*ery soluble m the substances it is mtended to show 

(3) ha\ e no capaaty to attach itself to any tissue-constituent 
except by solution 

(4) be capable of presentation to the tissues m a 
having the following characters, (fl) The solvent w^not 
dissolve the substances the lysochrom^ is mtended to 
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•how (4) The lytochrome n much less soluble m the 
solvent than m these substances. 

Lipid soluble lysochromes thaf fulfil all these conditions are 
necessarily msohible m water 

A tmgle Japanese worfeer dainT to have tested about 3 000 
substances to find which of them could be used as lysochromes. 
Less than a doren m all, howeve r have found favour with histo- 
chemists m general, and none of these is among the 3 000 The 
chosen few arc d i v er se m chemical compoaiiion. Some of them are 
not related to any group of dyes. Coloured hpids are themsel\-ca 
suitable, and it may thus be said that a hpid is set to catch a hpid. 
The carotene of the fruit of red pepper {Capsiaat ip Solanaccae) 
for instance, is easfly extractable and gives good results.*^* The 
related substance, annatto from the fruit of a small tree {Bisa 
oreUana Bntaceae), could also be used it is a straight cham 
compound, one of the very few wholly ahphabc compounds that 
are strongly coloured. It is used for untmg butter AILsnnin, 
another plant product (from the root of Alkanna torrtcnc Bora 
gmaceae) was formerly much used as a lysochrome espeoaUy m 
botamcal studies. The molecule somewh at resembles alaanne, but 
one of the literal nogs has been broken and spread out as a straight 
ghmn- 

Nowadays most workers prefer the synthetic lysochromes, 
whidi rely on the tame chromophores that give colour to dyes but 
lack the typical auxochroraea. The latter if present, would cause 
ionization, and as a consequence the sobstance would be unusable 
as a lysochrome for it would be soluble m aqueous media, 
insoluble m hpids, and capable of dyeing protons and other tissue 
constituents. It » diaractenitic of lysochromes that they are non 
lomc compounds 

The first reasonably satufactory synthetic lysochrome was 
Sudan III mtroduced m Italy towards the end of the last cen' 

O 

Smdnin 

tury It u a red compound, related to the ditazo dyes. The 
absence of typical tuxochromes wiD be noticed. Sudan IV 
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differs only in possessing raeth>l groups attached to two of the 
aryl rings It has the advantage of bang rather darker and thus 
showing small hpid globules more clearly, and o one of the most 



Sudan btaekB*** 


frequently used lysochromes, Sudan black B is a more complex 
almost black Ij’sochrome introduced by Lison ^ It colours 
lipids with particular intensity This appears to be due not only to 
the darkness of its colour but also m part to particulaily high 
solubihty m lipids 

Although colouring by Ivsochromes is so simple m prmaple, 
and sometimes in fact as well yet some of the roost commonly 
used synthetic lysochromes do not act in exact accordance with 
expectation* This subject deserves rather careful study, because it 
thitnvs an mteresling ndelight on the nature of colouring processes 
m general. 

Whereas the carotenoid lysochromes leave the cytoplasm un 
touched, Sudan III and IV show some tendency to colour it, as 
though they were capable of acting to a very small extent as dyes. 
This has not been explained. It is conceivable that m the presence 
of particular substances the -N-N— group might be cha n ged to a 

H 

second axo group (-N=N-) and the =0 to the auxochrome -OH 
On the possibflity of a transformation of this sort, sec on old but 
very interestmg paper by Michaelts *** 

Sudan black also sometimes beha\cs unexpectedly, for it tends 
to be retained m certam tissue constituents when the section » 
placed m a sohent such as 70% alcohol after colouring The two 
-N- groups suggest thcirttclvcs os potential auxochromes. It 

I 

H 

has been shown that if these are blocked by a cetyls two 

with acetic anhydnde the colorant now dissolves out from the 
tissues like any other lysochrome. 

It IB a matter of particular interest that Sudan black, when nrt 
acetylated has a special tendency to be taken up by pbospholipi 
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and retained m the*o agamot lolvcntB It would appear that 
Sudan black a able to permeate phosphobpida on account of ita 
Iipid-eohibility and to combine with phosphoric radicles on 
account of its possession of -N- groups. Thus it has some of the 

H 

characters of both lysocfaromes and dyes, Aadic substances other 
than lipids may sometimes bo coloured by untreated Sudan black. 
Tests with the acetylated colonmt should always be earned oirt if 
the colour is not readily removed by solvents. It must be remem- 
bered, though, that resistance to solution doc* not nece ssa rily 
indicate that the substance coloured is not a hpid 
Nile red is a lysochrome of altogether spcoal interest, on account 
of the comphcations that surround it m ordinary use. It is an 
oxazone that is to say a non lomc substance formed by the 


H*C.\ 

H.C,/ 


N 


-cca 


o 


Ndtftd 


oxidation of an oxfflcme dye (see p i8o) It can be dissolved m 70% 
ethanol and used m exaaly the same wsy as Sudan III or IV It 
has the advantage of poesesiing no potoitial suxochrome. 

Nflc red appears by spontaneous oxidation m aqueous solutions 
of Nile blue A, The amon of this dye is sulphate, because the 
chlonde is rather insoluble. (The dye is often called Nile blue 
sulphate, but there is no more reason for doing this than for speak 
mg of basic fuchtme chlonde or sodium conn ) Although Nile red 
is insoluble m distilled water it is soluble m aqueous solutions of 


80 ,- 


litUhimA 

Nile blue. Solutions of this dye have therefore very uitercstmg 
properties, to which attention was called nearly half a century ago 
by the English pathologist Smith **>•**3 There has been much 
controversy about the action on tissues of solutions of Nile blue 
but the main facts have been exposed by the careful studies of 
Liaon and Cam 


+ 



+ 
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An aqueouB solution of Nile blue contains these substances — 

cation of the dye (blue) , 
anion of the dye (sulphate), 

Nile red (red or rose, maximum absorption at about 500 m/i, 
fluorescent) , 

imino-basc of Nfle blue (orange-yellow, TninirmiTn absorption 
at about 482 m/i, not Buorcsccnt) 





The proporbons m which these substances occur vary according 
to the concentration at which the Nfle blue was made up Nfle red 
IS abundant m strong solutions. The amount can be increased by 
boiling the solution with a little sulpbunc aad The irmno»basc 
of Nfle blue is relatiTely more abundant in dilute than m strong 
solutions. Like Nile red, it is soluble m toluene and m squecais 
solutions of Nile blue. 

When a section is exposed to a solution of Nfle bhie, the Nile 
red present in it dissolves in all the hquid hpid components without 
distinction Two substances are present m the sohition, however 
that are capable of reacting with aadic tissue-constituents, 
namely the cation of Nile blue and the orange-yellow base. 
Either or both of these can react with aadic hpids (fatty acids) or 
bpids capable of actmg as aads (phosphohpids) Smee the cation 
dyes blue and the salts of the base arc of the same colour, we do not 
know, m any particular case, which of the two has been responsible 
for colouring these particular lipids blue. (The colour is sufficiently 
intense to mask the Nile red dissolved m them ) On one hand the 
lipid soluble base would permeate lipids much more readily than 
the cation on the other there is plenty of cation but very httle 
base m strong solutions of the dye. It seems certain however that 
cations can colour fatty acids, for basic fuchsine (rosanflinc 
chloride) reacts with olac acid to form rosanihnc olcate and hydro- 
chloric aad 

Beyond these reactions, Nile blue naturally acta like any 
basic dye m colounng all aadic tiasue-conititucJitB, such as ^h^ 

matin and RNA, The orthochromatic colour IS of course blue, ut 
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It may be remembered as an added complication that N 3 e blue u 
mctBchromatic (p 278) 

It foUoTYi tbRt if any non-^iromotropic tissue-constituent is 
coloured reddish by a solution of Nile blue, it contains or consists 
of a neutral {non aadic) hpid. If any OBSue-constatuent that has 
betn proved to consist rxhoQy of Uptd is coloured blue, it consuls of 
fatty aad or pliospholipid 

It a not necessary to rely on the amount of Nile red that happens 
to anse by spontaneous oxidation of Nile blue, for Nile red crystals 
may be pre p ared and added to a solution of Nile bhie.^^^ 

Since nothing is easier than to colour the tissues differentially 
by Boakmg them m a solution of a dye or lysochrome, it might bo 
thought that one could do the same with s solution of some 
coloiired substance other than a dye or lysochrome. One would 
use a solution of a particular colour and would find that certain 
tusue-constrtucnti had taken up a considerable amount of it and 
had assumed its colour wh 3 e o^ers had taken up little or none 

It is not easy to specify a typical instance of the process just 
desenbed The difficulty forces on our attention the very special 
properties of dyes. The colouring of protems by lodme probably 
provides is good an example of the process as one can find It it 
for from satifactory however, for the reactions mvolved arc not 
understood. 

The facts arc these When iodine is dissolved m potflssrum iodide 
lolutioD a brown flmd is produced If a section is placed m the 
solution, the proteins are coloured brown. Certam other tissue- 
coQStituenta, such as cellulose cell walls, also takt* up the colour 
but to a much smaller extent 

The solution is brown owing to the presence of the I,“ ion of 
potassium tn-iodide, Thu reacts with proteins by adding iodine to 
the phenyl ring of tyrosine, with the production chiefly of lodo- 

._<Qoh 

I 

ledogerxonu mad cf pmrt ef m pnittm rinm 
g o rg omc acid (di lodotyrosme) ammo-aad was called 

Jodgargot^e by its discoverer because be isolated it from the 
protem that forms the axml skeleton of the octactimanan Gorgoma. 
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The crystals of the pure substance are colourless or at roost 
just tinged with yellow **’ There is not much information about 
the colour of pure proteins in which iodine has been incorporated 
by reaction with the phenyl rings of the tyrosine residues, but 
casein that has been modified m this way and then washed free of 
loose iodine is white,*^ It is probable, therefore, that when pro- 
teins arc browned by lodme/iodidc solutions, the tn iodide ion (or 
lodme m some other non molecular form) is loosely adsorbed, 
but this rather evasive verb only veils our ignorance of the actual 
process involved- 

In microtechmque we very frequently cause the local formation 
of a coloured substance that is not a dye. We soak the section m 
a colourless solution, and certain tissue constituents become 
coloured (or black) or alternatively we soak it in a coloured solu 
tion, and c erta in tissue-constituents take on a different colour 
Very many histochemical tests belong to this category of colounug 
processes. 

It IS an essential part of this method that the coloured (or black) 
reaction product should not diffuse away from its site of produc 
toon otherwise vague or misleading results would be given The 
substance product must be either insoluble or else capable of 
adsorption to the object m or on which it originated 

There seems to be no limit to the vancty of different processes 
that are used m microtechnique to achieve the local formation of 
coloured substances (other than dye*) m particular tissue 
constituents. The reactions vary m complexity from the simple 
reduction of a metal from it* salt to the trappmg of the reaction- 
product of a cellular cnxyrae with a provided substrate, and its 
subsequent visualization 

One of the most familiar and striking examples of this kind of 
colouring is the bhieing of starch by the same potassium tn iodide 
sohitton that colours protem brown, but unfortunately, deapite a 
great deal of study the reactions concerned in this colour-change 
are not yet established with certainty 

Colounng of this sort is particularly satisfactory when 

actually wnte the equation for the local reaction Peris • test or 

feme iron is a good example. A section is soaked m a yellow m u 
tion of potassium ferrocyamde, and site* of feme iron st^ out 
sharply by the deposition m them of insoluble Prussitn blue 
4Fe^ + 3Fe{CN)^ ► Fe*[Fe<CN)J,i 
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The rcducaon of a mctil in a talt or other compound to the 
elementary state, with consequent formation of a black deposit, 
u a familiar pro cess m microtechnique. One must choooe a metal 
the 10ns of which take up electrons readily This ensures easy re 
duction and stabihty after deposition. Silver and gold are smtable 
Tmue constituents that can provide electrons will reduce their 
salts — 

Ag* + fl“ A#'!' 

Complcjc silver compounds arc often used, especially argent 
tmnune [Ag(NH,)j]OH 

The chief substances ra the tissues capable of producing micro- 
scopically viaible dqxiaits of metal arc phenolic compounds, such 
as those present in the granules of the Kultschrtxky cells of the 
mtestinal crypts, 

Metaflic n^ucoon is very largely used m tracing the course of 
the txona and dendntes of nerves, but a complex procedure is 
here necessary, for reducers are not present m inihaent anxnmt 
to give microscoptcsHy visible deposits. It is uncertain what the 
reducers are, but tbm is evidence that sulpbydryl groups are 
concerned.*** The reducers, whatever they are, produce sub- 
microscopic nuclei of silvef similar to those present m an ex 
posed but undeveloped photograpluc piste In order to make a 
visible deposit, sn enormously greater amount of silver must be 
deposited round these nudei laiddly the nerve fibres take up a 
lot of unreduced silver the ions of which associate themselves 
\vith histidme and other ammo-sad constituents of the protems of 
the fibre,*** The double process of nudeus-formation and storage 
of unreduced silver is called im p reg na tion The impregiuted 
tHiuc remains transparent. When the tissue is tranifcned to a 
photographic developer, the stored silver is reduced and deposited 
round the nuclcL Thus the depoth is particulate. The partides can 
bo resolved by the electron micro s cope.*** Together they form a 
black mass that appears contimious under the hght microscope 
The term imp r egnation should not be used unless the pr o c e ss of 
silvering (or the deposit of some other metil) irtvolves two separate 
steps the word is then spphcable to first step only dunng which 
no visible deposit is made. 

The fundamental drasimilanty between silvcrmg and dyeing 
docs not need to be stressed 

Imprcgnaticm methods hare been much used m the study of 
u 
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cytoplasmic mdusions. There is here no question of merely filling 
up a fibre ^vlth silver The mtenbon is to display the actual form 
of objects lymg m the cytoplasm. Silver is piled on silver at the 
mvestigator s discretion. The method is useful for raili ng attention 
to particular parts of a cell, but may give a misleadnig idea of the 
shape of the objects on which the deposition occurs. A deposit on 
the surface of a sphencal object may the form of a rmg or t 
cup (appearing as a crescent m optical section) 

This technique is also apt to be misleading m another way TTie 
preparations may give the false impression that aH the blackened 
areas have a Bimilar chemical composition. As Lison*^* has 
pomted out, the impregnation/devclopmcnt methods have no 
histochcmicsd \'alue. Various unrelated chemical substance* can 
reduce bHvcc tf hdped by e developer 

Osmium tetroxide can also be used to give a black or blackah 
deposit on certam cytoplasmic inclusions, but is an easily 
reducible, non lomc compound, not requiring separate pn>* 
cesses of impregnation and devdopmenL The nature of the re- 
duction product has already been mentioned (p 1 1 9) It IS usual to 
fix, wash out the fixative and then leave the tissue for scrtnl day* 
m a warm solution of osmium tetroxide, sections arc cut sub- 
sequently This postosmication (p 126), which is applicable to 
certam c^toplaamic mdusions, but not to axons or dendntes, a 
open to the same objections as sOvcring ^ Both methods are 
apphcsblc to certam problems of cytoplasmic cytology but only 
if used with discretion. 


Some of the processes that we have so far considered m this 
chapter have involved the use of a dye, but it is dear that none 
of them can be considered as a process of dyeing Wc turn now to 
a realm of more subtle distinctioiis — to the borderland between 
not-dycing and dyemg 

It IS hard to deade whether we may properly speak of dyemg 
when we use substances not themselves dyes, that react to foim 
dyes m the tissues. This process is more famfliar in the 
mdustiy than m microtechnique. The oldest example is provid 
by mdigo The substance that attaches itself to the textile fi^ ® 
the colourless mdigo-whitc (Icuco-mdigo) The precise methodo 
attachment docs not appear to have been worked out. 'When 
process has been achieved, atmospheric oxygen is allowed access 
to the fibre, and the mdigo-whitc becomes ondaed to the m- 
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tensely blue substance indigo TTu» possesse* a chromophore and 
also side-group* corresponding to ouxochromes, through tvhtch 
prcstimably attachment to the fibre 1* maintained The inabflity 


O 

B 



Tftt tknwtopitOTt 9/ *** 

of mdigo to lontrc directly in water or aqueoiu solution* p^c^’cnU 
us from regarding it unequirocafly as a dje jet the resembbnee is 
dose The chromophore t* the same as in the microtcchnical dye, 
indigo-carmlne but the latter derived from indigo bj sulphona 
tion IS a typical, water soluble oad dye of the tlowlj -diffusing 
kind (p 236) 

The aioic dj-e* of the textile industry bear a resembbnee to 
indigo for here again the dye u cjmthesixed os on insoluble sub- 
stance in the hbre but the reaction is not one of oxidation Tliese 
dj*cs received their name because of their resembbnee to aao djTS 
Indeed they owe their colour to the same chromophore, hut in- 
solubility prevents their being used in the same tray The fibre 
IS impregnated with a napbthol 0-naphthok for instance) which 
attaches itself through its -OH group and usuallj in modem 
practice through another group os well (often -CONII-, orlko to 
the -OH) These attaching groups resemble auxochromes, 
though the substance ts colourless The fibre is then treated with 
an aromatic draio compound and this snap* on to the naplithol bj 
a -iS=N- Imlu The rcsultmg coloured substance is esjcntiallj a 
non sulphoiutcd oro dye, U can also be made m the absence of the 
fibre, but it cannot be used in this form because it is insoluble 

A somewhat similar pr o ce ss ts used in a histochemical technique 
for the recognition of tjTosine Here however there is no pre 
liminary impregnauon of the tissue inth a napbthol or related 
compound on the contrary one rdie* on the presence In the 
tiwuc* of a phenol that will take the pbcc of the naphthol used in 
aaoic dyeing It it because tjTOsine possesses a phenyl nng that it 
can be histochcmicaljy demonstrate by the production of wliai 
IS csscntblly an azoic dye The reagent used for this purpose u 
tetra axotne benzidine In theprescncc of tjrosmc this substance 
link* Itself to tJic phcnjl nng of the inuno-aad with the form 
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T(tra-aM(ixtiI bauiditte 


fltion of what is eaaentially an insoluble, non sulphonatcd axo dye. 
Smcc the phenyl nng of the tyrosine is part of the dye, no question 



-00 


N=NOH 


TTte of a proton chain LnXed to tttra-ajotix/ti homdat* 


of attachment through an auxochiomc presents itself The 
colour IS brown A bnght red con be produced by coupling ^ 
naphlhol at the other end of the benzidine through another tro- 
Histidine and tryptophane bcha\c similarly to tyrosine. 
The three amino«adds can be distinguished hy theuMoi ‘block 
ing’ agents, that is, substances that prevent one or other of the 
tmino-aads from forming a link with tetra aiotncd benndine.** 
An important histochcmicol test for aldehydes provides another 




example of the localized synthesis of a dye m certain particulsr 
tiasue-constitucnts Sections arc treated with SchdTs rca^t, 
which is made by the action of sulphurous aad on basic fuchsinc. 
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(For tunpliaty the reagent made from pararosanilme mitead of 
basic fridmne is shown here »ec p i6o) Schiff’a reagent is not 
Itself a dye, for it lacks a chromophorc and is therefore colourless. 
It IS oftra regarded as a Icucobase, but this is an error for a 
leucobase becomes coloured on axidadon and could not possibly 
serve m Feulgen s reacdon, which is not a test for ccadumg agents. 
\Vhen Schiff’s reagent comes mto contact with an aldehyde, the 
chromophorc of the tnaryhncthane djra is reconstrtuted There 
seems to be no reason to deny the name of djT to the additive 
compound of aldehyde with Scluff*a reagent Since one treats the 
tissues with a colourless substance and a dye is formed m them, 
there is some resemblance to tbe use of mdigo and the aroic dyes 
m the textile industry but there arc also important differen c es. 
With the textile dyes it is necessary to provide from outside the 
fibre both the constituents required for the making of the dye 
(indigo-wiute and oxygen or naphthol and diarcMmmpound), 
while the tissuea provide one of the re a c ta nts (aldehyde) when 
Scblff’a reagent is used. 

Another important difference is that the Schiff/aldehyde com- 
poxmd need not be insoluble. If one adds soluble aldehyde to 
Schiff's reagent in a glass vessel, one may then use the stable, 
coloured reaction product u a d 3 re it acts like other basic dyes m 
colourmg acidic objects,**^ ^ Used m this way the dye has 
naturally no affinity for aldehydes. The possibility exists that 
SchifTs reagent may form a coloured dye m the tissues by com 
bmation with aldehydes, and the djr may then wander off and 
colour any aacGc objects.**^ Feulgen and Rossenbcck'i re- 
action for DNA relies on the vmialixation by Schiff’s reagent of 
an aldehyde produced from deoxypcntose. The exact position 
of DNA can only be revealed by t^ test if the reaction product 
remains at the site of its formation 

When we use dyes in ordinary microtechnique, we soak the 
tissue m a coloured fluid and then observe the distribution of the 
colour among the tiaiue-constitucnts. To do this we shine visible 
light through the object and rely on the chromophores of the 
atta^ed Ions to lower the amplitude of rays of certam wave- 
lengths. Our colour sense is thus stimulated. That is gcncraHj the 
purpose of dj-cing 

Sometimes, however we use what are unquestionably dj es and 
allow them to become attached to the tissues by a process 
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must unquestionably be called dyeing yet wt do not follow this up 
in the \vay described m the last paragraph. On the contrary, we do 
not allow the chromophore to act m this way, for we dehTicratcly 
prevent vnsiblc light from reaching the dyed object. A bnrf 
mention must be made of this technique, m %\hich dyes are used 
but their most obvious character it not. 

Qmte a number of dyes arc fluorescent, mcludmg some very 
common ones, such as eosin. The typical ‘fluorochromes', how- 
ever, have been chosen on accotmt of their powerful fluorescence, 



SMetom forwnda cf a typutil oendate ifyt 

and arc not particularly adapted for use with visible hght. Scvenl 
of these, such as conphosphmc, are aendme dyes, but others 
belong to vanoua other groups (the anthraqmnonoid, for instance). 
The fluorochromes, m fact, possess ordinary chromophorcs and 
auxochromes, and attach themselves as basic or aad dyes. 

When a fluorochrome has attached itself to the tissue, the pre- 
paration IS illuminated by ultraviolet light New raje of visible 
light originate wherever the dye is present. Different fluoro- 
chromes give hght of different colours. The object has now be- 
come self-luminous. It is almost as though we were examining the 
abdomen of a glow worm m the dark. The microscope uses the new 
rays ongmating m the fluorochrome. The image is produced in an 
unusual way, for there is no mt er f e rence of direct and diffracted 
rays such as is always concerned m rmage-fonnation when an 
object IS illuminated from below with visible light. 

Smcc the mtnnsic colour of a fluorochrome is irrelevant, some 
very feebly coloured ones are usable. Fluorescein itself is an ex- 
ample Thus IS an aad xanthene compound, too pale to be used as a 
dye One could go further stiU and use a fluorescent substance 
that lacked a chromophore, provided that it could attach itself to 
the tissues Quinme ^phate could be used m this way This is a 
colourless, salt like substance, the cation of which attaches itself 
like a basic dye and therefore mterf ere s with subseqaent dye mg 
by basic dyes ■** It is fluorescent, but imcc it is not a colomw 
substance it cannot properly be called a fluorochrome. It might 
almost be said of substimccs such as this, whether fluorescent or 
not, that they lack chromophorcs but possess tuiochromes. 
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oi n dye A dye may be defined, for the pnirposcs of microtech 
mque, aa an aromatic, aalt-Uke compotmd having theac char 
acters — 

(1) It lomzcs m the preaeoce of water, 

(2) either the cation* or the anions arc coloured (sometimes 
both), 

(3) the coloured ions arc able to make chemical linkages with 
the protcms (and generally also with other constituents) 
of the fixed tissues of organisms (and m some case* with 
constituents of Imng cells as well) , 

(4) when the coloured ion* make their linkages with the 
tissues, they do not lose colour and generally they do not 
change it. 

It 15 not necessary to mention mordants m the definition of 
dyes, since all dyes that work wrth mordants are able to colour the 
fixed tissues of organisms m the absence of any mordant, though 
the results arc then very different. 

The definition mcludes no substance that is not obviousty a dye, 
and excludes scarcely any that deserve the name. The number of 
substances left m doubt it verv small. Mcthvlene violet (p 268) a 
an example. This certainly acts as a dye, m the presence of related 
substances that arc dyes, but when isolated is a non lomc com 
pound. It migh t fall mto place under the definition if we knew its 
chemical structure m the presence of other dyes. 
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THE COMPOSITION OF SOLUTIONS 
EXPRESSED AS PERCENTAGES CONVENTIONS 
ADOPTED IN THIS BOOK 

It would be a convenience if the coanpositjon of solutions were 
generally expressed in terms of gram formula weight per litre* or 
of noirr^ty m the case of aads. At present however it is usual 
m biological laboratones to e x p r es s concentratjons as percentages. 

"WTien percentages are expressed by the lymbols w/w w/v, 
v/w and v/v the meaning of the numerator is the weight (w) m g, 
or volume (v) m ml, of the solute The denominator denotes the 
weight (lOo g) or volume (lOo ml) of the toiultm (not of the 
solvent) Thus, for instance, the expression fonnaldcb>-dc 4% 
w/r means that m too ml of the solution there are 4 g of fonmJde* 
hyde, and the expression aoettc aad 5% t/\-* means that m 100 
nil of the solution there are 5 ml of glaci.il acetic aod 
As a general rule, solids should be dissolved m such a way that 
the percentage composition can at once be given as w/v and 
liquids so that rt can be gnen as v/r In other words, a particular 
weight of a solid or a particular volume of a liquid should be 
made up to n particular volume by the addition of solvent. In 
biolograil bboratones the effect of the solute on the volume of the 
solution u often overlooked, a certam weight of substance being 
dmoh'ed m a particular v*oIume of water or other solvent- The 
solution, which contains x gr ams of solute to 100 ml of solvent, 
diffen from an x% w/\ solution but roan} of the solutions com- 
nxmly used m microtechnique ore not concentrated enough to 
cause the difference to be of pracbcal importance. 

For certain particular purposes (p 144) it is dmrahic to ex pr ess 
the co mp osition of a solution 10 terms of the number of g or ml of 
solute m 100 g of water (or other solvent) MTien this u done the 
denominator may be written with a capital letter to draw attention 
to the unusual way of expressing the concentration Thus, a 
solution of 5 g of mercuric chlondc m 100 g of water may be called 
a 5 % solution. It ts convenient to remember that W here 
means 100 g of water (or other solvent) 

3*3 
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Preparation of gelatxneJa Hnimm gel 
Dilate Tsinte-of-egg with twice its vohime of distilled water 
Centnfuge the solution until the supexintant a dear To 100 ml 
of the supernatant add 15 g of powered gdatme. Leave for 1 

hour then place m an meubatorat 37* Cand stirfromtanetotimc 

until the gelatine has dissohiecL Filter through a doth. 

Pour the gel mto metal pessary-moulds. The 30-grajn size a 
convenient for most purposes. Cool m a jefiigeiilor and remove 
the separate gels. Each has a vohime of about i 87 mL Keep the 
gels m the r e fr ige ra tor untfl r e q ui red. They mar be tqrt for 
several days, but moulds cventoalfy grow on them- 
The refractive mdea of this gel is about 1*365 The proton 
content IS about 19 


Preparatum of rmdeoprotan 

Separate the fat from the fresh thjTmis glands of four or five 
calves Pass the glands through a domestic rranemg machine. 
The instructions give n bdow refer to 100 g of rmnev d tisfae. 

Grmd up the min ce for a quarter of an hour m a mortar wim a 
rooghly equal volume of washed sand. Put the groond materm m 
a flask and add 1000 ml of distiTlrd water and i ml of chloroform 
(the latter to check decav) Shake vigorously from time to tene 
over a penod of about 20 hours. 

3*4 
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Allow the gross sediment to falL Decant the fluid and centrifuge 
It to get nd of the rest of the sediment. 

Put the supernatant fluid m a flask and add 25 ml of 10% acetic 
aad to prcciprtate the nucleoprotcm. Warm gently to 37® and 
leave m an mcubator at this temperature for 15 minutes to com 
plete the p r eopitatioa. 

Shake the flask and pour the contents mto a measurmg-cylmder 
or other tall, narrow vessd. Leave for i J hour Pour off the super 
natant fluid and discard rt. 

Centrifuge the wet sediment and discard the supemstant fluid. 

Wash the sediment by addmg 150 ml of 0^5% acetic aad 
stim ng, and re-centnfugmg 

Repeat the wsshmg twice (three washes altogether) 

The sediment is wet nucleoprotein. It may be dned m a dcsicca 
tor over calcium chlonde, but the fully dned substance is rsthcr 
troublesome to re^dtsaolvc and it is best to proceed as follows. 
Weigh a gram or two of the wet sediment accuntcly and desiccate 
to constant weight The loss in weight will show how much of the 
wet substance most be taken to make a nudeoprotnn solupon of 
any particular concentration The wet substance may lose sboirt 
{ of Its weight on drying 

Preparation of gelatmeliwoleoprotevt gel 
Put 15 g of powdered gelatine m a beaker and add 50 ml of potas- 
anim hydroxide, 0*25% aqueous solution Place in an incubator at 
37® C and stir occasionally untfl the gelatine dissolves. TTua is 
solution A. 

Put some wet nucleoprotein containing 4 g of dry nudeopm- 
tein m a measuring cylinder Add 17 ml of potassium h)'droiide 
10% aqueous solution. Stir Make up to 50 ml with duuDed water 
Place m an incubator at 37® C and Ica\-c till warm, with occasional 
stuTuig This IS solution B 

Mix A and B elirnng welL Leave m the mcubator for } hour 
stimng from time to time. The solution may then be sucked into 
pipettes while stfll warm for expenments on the rate of penetrs 
tlon of acetic aad (p 39) It hardens to a gd on cooling The gd 
may be kept temporarily m a rcfngcrator 

The coagulation of egg-aSnimm various fixattvej 
Add to egg white 4 times its \-ohiinc of distilled %vatcr mix dear 
the solution by centnfuging The albumin irill now be present at 
about 2*6%. 
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Make up the following fiiativcf in aqueous solutions at twice the 
concentrations gnxn on p 24 — hydrochJonc aad, mtnc aad, 
tnchloracctic aad, chloroplatinic aad, chromium tnonde, form- 
aldchjxlc, osmium tctroiide, potassium dichromate, acetic aad. 

Put 5 ml of the clear alb umin solution m a test-tube and add an 
equal volume of the fixative solution to be tested (The ei pe nm ent 
may be done with smaller quantities when osmium tetronde or 
chloroplatmic aad is bang tested, on accoxmt of the high cost) 
Close the tube and turn it upside down once. The fixative will 
now be at the concentration shown on p 24, 

Note the appearance of the contents of the tube immediately at 
5 min,, and at i hour from mixing, and also on the following day 
Record whether there is opalescence, flocculation or dot 
formation, and whether floccuh or dots fall to the bottom of the 
tube, 

A diffaent techmque is necessary with fixatives that arc used in 
practice at or near saturation or unmixed with water namely 
picnc aad, mercuric chlonde methanol, ethanol, and acetone. To 
test these, mix egg-white with twice its volume of water and dear 
the sohition by centrifuging Put 3 ml of this stronger albumin 
solution m a test tube and add 7 ml of the fixative at the concentra 
tion shown on p 24, It will be noticed that the amount of 
albumm m the tube is the same as m the experiment described in 
the preceding paragraphs. Close the tube and turn it upside down 
once. Record the result as before. 

The results of these erpenments are bnefly recorded on p 32 

The coagulation of egg-albumxn hy feme sulphate 
Add to egg-whitc 4 times its volume of distilled water Centrifuge 
to dear 

Put 5 ml of the albumm solution in each of two test tubes 


marked A and B 

Make these solutions — 

A Feme sulphate, anhydrous, 2% w/v aq a 5 nil 

DistiUcd water 251111 

B Feme sulphate, anhydrous, a% w/v aq a s ml 

Ammoruum sulphate, 5 a8% w/v aq 2 5 ml 


Add sohition A to test tube A dose turn upside down once. 
TTicrc u only a momentary formation of a few specks of cotgulum 
they dissolve at once. 

Add solution B to test-tube B dose turn upside down once. 
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A flocculcnt coagulum form* imtintly throughout the fluid and 
rcinaina there 

Note that the final concentration of feme sulphate in each tube 

The coagulation of egg^albumn hy mercunc cMonde 
The follo^nng expenments illustrate the cfTcct of nadrty on 
coagulation, and of sodium chlonde and potassium iodide on the 
coagulates. 

Add to egg white twice its volume of distilled water Centnfuge 
to clear 

Put 3 ml of the alburmn solution in each of t%vo test tubes 


marked A and B 
Make these solutions — 

A Mercunc chlonde, sat. aq 6*5 ml 

Distilled niter 0*5 ml 

B Mercunc chlonde, tat. aq 0*5 ml 

Acetic aad, gUciil 0-5 ml 


Add solution A to test tube A dose turn upside do%m once A 
thidc nhite dot forms aconce throughout the fluid the next day 
It has fallen somewhat 

Add solution D to test tube B dose turn upside down once 
Fine white floccuh form at once throughout the fluid the next 
day the appearance u unaltered 

The expenment shows that acetic oad reduces the coagulating 
po w e r of mercunc chlonde. 

To each tube add a ml of a saturated solution of sodium 
chlonde dose the tube and turn upside down once The coagulum 
inAdissoKcs that in B remains unaltered 

The experiment may be repeated with the substitution of potas- 
sium iodide for sodium chlonde. The result is esscntiallv the ume 
but the coagulate In A turns bright orange momentarily before 
dissolnng while that in B turns bnght orange momentanly and 
then rc\TTts to lU former state it docs not dissolve 
(\\’hcthcT sodium chlonde or potassium iodide be used the 
fluid in A will ^*cry graduallj become doud) on prolonged 
standing) 

The eoapdation of micleoprotetn by vanous fix at irt t 
Make a 4% aqueous solution of nudcoprolan prepared from the 
thjmuscs of call es b) the method grv cn on p 314 
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To the 4% nucleoprotem solution add two-thirds of its volume 
of distilled water 

Make up the following fbeativea at twice the conccntratioas given 
on p 24 — hydrochloric aad» mtnc aad tndiloracctic aaih 
chloroplatmic aad, chromium tnoxide, formaldehyde, fwmnim 
tetronde, potassium dichromate, acetic aad 

Put 5 ml of the dfluted nudeoprotan solution m a test tube and 
add an equal volume of the fixative solution to be tested (The 
experiment may be done with nnaHer quantities when ofirmim 
tetronde or chloroplatmic aad is being tested, on account of the 
high cost.) Close the tube and turn it upside down once. The 
fixative will now be at the concentration shown on p 24. 

Note the appearance of the contents of the tube immediately 
and agam the next da) 

A different technique is necessary with fixatives that arc used m 
practice at or near saturation or unraixed with water namely 
picnc aad, raercunc chlonde methanol, ethanol, and acetone. To 
test these, put 3 ml of the 4% nudeoprotem solution (undiluted) 
m a test tube and add 7 ml of the dxatnre at the concentration 
shown on p 24. It will be noticed that the amount of dry nudeo- 
protem m the tube is the same as m the cipenment described m the 
preceding paragraphs (0 12 g ) Close the tube and turn it upside 
down once. Record the result as before. 

The results of these erpenraents ore recorded m table 2 (p 35) 

The penetration of fixatrees into gelabnejalbumn gel 
Cut glass tubing about mm m mtemal diameter mto short 
lengths (about 45 mm long is suitable) Make a transverse mark 
with a diamond near one end of each tube and scratch on a dis- 
tinguishmg number Put a rubber pipette-bulb on the marked end. 
(Each tube will be called a pipette, though it u not narrow at the 
tip ) See fig 2 p 38 

Mdt the gelaUne albumm gel (p 314) at sy” C and draw it 1^0 
the pipettes Support them vertically until the fluid has solidified, 
(The exact position of the top of the gel is of no consequence, but 
the tube must be filled nearly or quite to the bottom. There 
should be no gel withm the rubber bulb ) 

Measure and record the distance from the transverse diamon 
mark to the bottom of the g^ Measurements should be made to 
the nearest quarter of a millim etre. 

Put 150 trJ of the fixative to be tested m a Urge tpeamcn-tu 
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(A ntullcr volume shcmld be used when osmium tctroxide is the 
fixative.) Drop t prepared pipette into the speamcn tube. It will 
float, bulb uppermost Isote the time. The fixative will begin to 
penetnte into the gel from the bottom of the tube. 

Mate observations at inten'ils on the distance penetrated by the 
fixative. It IS best (though rather inconvenient) to mshe them at 
4, 9 16 and 25 hours after the fixative has begun to act. 

The method of measuring the rate of penetration of the fixative 
depends on whether the latter is coagul^t or not If it is, simply 
note where the coagulation has reached, measure the distance 
from the diamond mark to the limit of coagulation, and subtract 
this distance from the messuirment made at the begmnmg of the 
experiment The limrt of coagulation by most fixatives can easily 
be seen, on account of the resulting opacity (It is rather diflicuh 
to see the hrmt when the fixative u h)rdrochlonc aad or mercunc 
chlonde, unless one is careful to arrange suitable hghting and 
bickgrcrund ) 

A more complicated procedure ts necessary with non coagulant 
fizatrvea, such as formaldehyde, because one cannot see the limit 
between the fixed and unfixed parts of the gel To determine the 
position of the limit, remove the rubber bulb from the tube, put 
It on the other end and then float the pipette m water at 37 C 
In a few mimites the unfixed gel will haw run out of the tube, and 
It win then be obvious how far the fixative has penetrated It a 
necessary to use a separite pipette for each observation with 
each fixative 

The method described m the preceding paragraph is applicable 
also to osmnim tctroxide. The fixative produces a black gd at the 
bottom of the tube, rather sharply marked off from a brownish 
yellow region above, which fades into the unaffected gel at the top 
It is easy to show that the part of the gd that has been blacken^ 
M the only part that has been rendered insoluble in water at 37 C 
and the limit of the blackened region may therefore be used as an 
index of the distance penetrated by osmium tetroxide at fixative 
strength. 

It IS to be noticed that what b measured is the thuknm of the 
layer of the ongxnalgel that has been penetrated by the fixatwe at tis 
^ective concerftraium This is by no means necessarily the tame as 
the thickness of the fixed gel for many fixatives sbnnk or swell it 

The results of the experiment arc shown m fig 3 (p 39) 

Acetic tad and potassium dichroraatc do not coagulate the 
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pitrtcics of tbe gd Ecrricider Acm ussoIeI)^ e m -wucr « 37* C, a=d 
the utethod is tba efoi e not to tlism tct tbs rzie 

penetivrtion of acgnc and hot ht teat rd br snbstiicim^ gdmix’ 
nndg oprotnn gd (p. 315) for grl-nrre -altmim. 

The ccbac farr:sld^'rde sx firKiro^ cEiff^a rci ca^zldir 
br tihcsoi 

Mil ecg-Trinte tmce its Tolraae of -water. Qnr br 

rmi-r rlTttTTTg Pot 1 5 nd of tbt folntioo m each cf two tcst-tdxa, 
A a r^ B. To \ add i 5 nd of disdned uaic to B 1 5 d of pare 
( rcagat-giade’) fonnElddraic, aqnetns soIuUin. Qoec tie 
tnbes and turn them npede derwo once. Lea^ for 13 cm. Add 
7 ml of absohatc ethanol to cadi. Tcm each tube Tipsde d own cQce. 

Tbc fimd m tnbe A rnnDedeldv beexmea cJondv dntesiron. 
Trhile that m tni>e B remairts dear Tbe next dav are Txbfc 
floccnE liirtradiwit tbe 5 md n tube A, wiile dace js cr^ 
doumness m tnbe B. 
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^•atcr Lca\c memight at room tcroptraturc (or for tncral hours 
at 37® C) , then add 1 20 ml of buffer solution A Heat o^'c^ double 
asbestos gaurc, with occasional shaking, until the fluid boIU, Fix 
the brge U tube m a pcrfcctl) \*crttcal position Allov. the fluid to 
cool to about 48® C and then pour some of it into the U tube. 
Allow the agar to scL Mark the height of the agar v.nh labels. 

For the tNVo small U tubes (agar bridges) I^t 0*5 g of agar in 
100 ml of distilled water Leave overnight at room temperature (or 
for sc\cral hours at 37® C) Heat over double asbestos game, with 
occasional shaking until the fluid boils, add 10 g of sodium 
chloride, shake Fix the small U tubes in a vertical posrtiocL 
Allow the fluid to cool to about 48* C and then pour some of it mto 
theU tubes so as to fill them to the bnm Allowthcagartosct. 

Put copper sulphate solution, 10% aqueous, in the small beakers. 

DissoU-c the d>c at 0*2% in distilled water Before the cipen 
ment starts mix this solution xwth an equal \'ohime of buffer 
solution A (p 321) Methylene green is particularly suitable 
because Its cataphorctic mo\*emcnt is rapid 

The only difBcultj in the cipenment is that the agar in the 
large U tube sometimes comes unstuck from the glass, and the 
dye solution then slips down in between The glass roust be per- 
fectly clean and the dj e must be added \*er) gently with a pipette 
ahovt the agar on b^ sides of the large U tube Add a little 
alternately to each side. 

The water m the agar gel m the large U-tube moves slowly 
towards the negatwe pole by dcctro-endosmosa The columns of 
dye solution abo\-c the agar on the two sides must be kept lc^•cl by 
occasional transference from one aide to the other 

Ihffuaon oj dyfs 

Prepare ‘buffer solution A according to the instructions given 
under the heading Electrophoresis of dj'cs (p 321) The buffer » 
at pH 7 I 

Put I g of agar m too ml of distilled water Leave overnight at 
room temperature (or for several hours at 37® C), then add 100 ml 
of buffer solution A. Heat over double asbestos gauze, with occa 
sional shaking until the fluid boils. Arrange sc^•c^ll fairly long, 
narrow test tubes m a radt. Allow the agar solution to coo to 
about 48® C and then pour some of it into the test tubes so as to 
fin them to withm about 4 cm from the top Allow the agar to set 
Mark the height of the agar with labels. 
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Dissolvt the dye* that arc to be tested *1 0*5% m buffer tohitura 
A diluted mth an equal vohunc of distilled water Orange G 
methyl blue, and anflme blue WS are particularly suitable. 

Add one of the dye sohitiQns to each of the tube*. Ttua » best 
done with a pipette. If the solution slips down between the agar 
gel and the glais, discard the tube Note the tune. 

Note the distance to which the dyea have penetrated after the 
lapse of suitable penods (e^ la, 24, and 48 hours) 

The resufti of this expenment ore recoided on p 237 

The ^eet of alkaltrat\ and aadfty on dytrng trrtA basic and 
aaddya 

The following ore required — 

methylene bbie 0*1% aqueous 
eoini Y 0*1% aqueous 
bone aadjSaOH bi^er at pH 8 
bone acid, 0*2 M 
NaOH o^N 
diidlied water 

acetic acid at pH 3 
Make up too ml of 33% w/v acetic aad to looo ml with 
water 

4 30^ coUodton stciums not contarmng any time, washed m 
dtftiUed water Any kind of nrtroceDulose used for em 
bedding m mt crotechmqac is suitable 
4 4op gelatsne lectwns not contaming any tissue, washed m 
dflrt 31 ed water 

Eapemnents trrtA eoUodion sections The collodion sections arc 
used to represent the aa dic tnsue^omponent* (BNA, etc,) 

Put the following in four glass capsule* labelled A to D — 


100 ml 
8 ml 
up to 1 L 


CMpSXtit 

marktJ 

1 MftkyJott 
Uk> 

wl 

- 

hone andl ' 
KtOH t^rr j 
«t pH 8 1 

1 ml 

Arrtie 
•n/ at 

""J 

A 1 

4 

1 _ ( 

' la 

_ 

B 

4 ; 


[ - i 

It 
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— 1 

[ 1 

IS 
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D 


1 * i 

1 - 1 
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Put a collodion section m each of 4 porcelain pot* \nth per- 
forated bottoms (c.g Gooch crucibles) Put one of the porcrfain 
pots m each ofthe capsules^ A to D Lca\e for 15 minutes. Transfer 
the porcelain pots to distilled -water and thus gi\ c the section* a 
prehminary nnsc, Remo^T the sections from the pots and wash 
them in two lots of distilled water for about 5 minutes altogether 

Record the mtensity of dyeing on an arbitrary scale (maxi- 
mum 4 - 4 - + 4 -) The results will be as follows — 

A, methylene blue at pH 8 4 - 4 * 4 - 

B, . 3 4-4-4- 

C, eosm \ $ -b 

D, „ . 3 4-4-4- 

Expmmentt vntli gelatine teettons The gelatine sections arc used 
as models of amphotenc tissue-constituents (ground cytopla»mt 
etc.) 

Repeat the experiment cxactlj as before, apart from the use of 
different sections. 

The result* will be as follows — 

A, methylene blue at pH 8 4'4“4'4*4* 

B , . 3 0 

C, eemn Y 8 0 

D, . , 3 4-4-4-4-4- 

The fffect of acid alcohol on tmua coloured tnth basic and 
aetd dyes 

Fix short lengths of the small intestine of the mouse m Zenker 
Embed m paraffin. Cut sections at 8 /i. 

Solutions required — 

Basic fuchsme, 0*5% aq 
Aad fuchsme, 0*5% aq 

Hydrochloric aad cone., 1% in 70% cthanoL 

Brmg 4 shdes to water (through lodmc and sodium thiosulpl^c 
solutions, as usual after fixative* containing mcrcunc chlondc) 

Put one shde m basic fuchsme solution and another m aa 
fuchsme solution Leave for 5 minute*. Rinse with distilled waW 
Pass through 70% alcohol (5 seconds) 90% (5 seconds) ist abso- 
lute alcohol (dip), and ab^hitc alcohol (2 mmute*) into xy e 
and then Canada balsam 
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Treat another pair of tlidei in exactly the same \Tay with this 
exception after nnaing with distilled water leave the ihdea for i 
minute in the solution of hydrochlonc aad m 70% alcohol. 

The results vriD be as follows — 

Basic juchsxne Chronutm and the mucosubstance of the goblet 
fylls are stronf^ coloured the somewhat basiphil cytoplasm 
of certain cells takes the dye feebly nothing else colour^ 

Basic Juchsaie foUorcfd by aad alcohoL There is no dye in the 
section. 

Aad fuchsttte Chromatm and cytoplasm are both strongly 
coloured etpeoaliy the cytoplasm at the bases of the epi 
theltal cefli. The mucosubstance of the goblet-ccUs is not 
coloured Collagen is coloured 

Acid fuchsvtc foUaroed ly aad alcohoL Same as aad fucbsine 
alone, but even more stron^y coloured. 

The (^<cis of fixaUva on the subseipiaa acticm of dyts 
Fbc testes of the mouse (quartered) and small pieces of the kidney 
cortex of the same animal m these fluids — 

(1) ethanol, absolute 

(2) picnc aad sat aq 100 ml 
sodium chlondc, o-*j g 

(3) mercunc chlonde, nt aq 

(4) ctroraium tnoxide, 0-5% in 0*7% sodium chlonde 

(5) formaldehyde, 4% m 07% sodium chlonde 

(6) osmium tetroxlde, 1% in 07% sodium chlonde 

{7) potassium dichromate, i 5% m 07% sodium chlonde 
(8) acetic add 5% aq 

For a tmiB experiment it is best to choose nos (4) and (5) only 
since these will gnr the ex t r e m es of cytoplasmic tadophiha and 
basiphdia rc sp ec ti vdy No (a) should be chosen if one ^-ants to 
show strong colouring of the maotic chromosomes by nad d)es. 

Wash out in the sppropnate ways, embed In para^ cut sec 
twns at 8/1, Etch shde may cany sections of material fixed in each 
of the fixstives under test, so that subsequent treatment v.-ill be 
identical. Sections of tjssucs fixed in osmium tetroxide should 
however be attached to separate shdcs, bleached overrught m 
sodium lodatc (1% aqueous ^udon), and then washed in distiUed 
water before dyemg. 
xa 
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Colour the sections on each slide with one dye only, not two 
succession or simultaneously Any of the following dyes may 
used for the times stated — 
basic dyes 

basic fuchsme, 0^5% aq , i min, 
toluidme blue, 0 5% aq 5 miru 
methylene blue, 1% aq , 15 mm 
basic dye lakee 

Ehrlich B haematorylin 20 mm (Alkaluurc, but do not 
differentiate ) 

Mayer’s carmalum i hr 
acid dyes 

aad fuchsme, o 5% aq , 5 mm 
cosin, 0*1% aq , i mm 

For a small experiment choose toluidme blue and aad fuchsme 
only 

Dehydrate and pass through xylene mto Canada balsam or 
similar mountant 

Study the depth of colour m the cytoplasm and chromatm of 
the spermatogonia and spermatocytea, and m the convoluted 
tubules of the kidney cortex 


ST B 
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USE OF THE WORD CHROMATIN’ 

In general it i» beat to avoid \ionU that are luppcaed to denote 
chemicai composition but ftand outude the aystem of noroen 
dature tdopl^ by chermsta. It aecros unlikely that anything is 
gamed by uaiog such trorda as limn and plaatin A case can, 
hovrever be inadc for the retention of the chromatin 
Thia trord waa introduced by Flemming m 1880 It is commonly 
atated to have been introduced bv him m 1879 prcaumably b<^ 
amae E B WHson ^ aatd ao, but it does not occur m the papers 
by Fkmimng quoted by WUton m aupport of h» conteuuon- 
Flcmrcung urtxoduccd it aa foQom 

For further atudy of the phenomena of dmaion, there ti die 
question of a sborter trord for vrhat I have hitherto called the 
'colourable aubatance of the nucleus Since the expression 
'nuclear aubatance’ is obviously exposed to many misundcr- 
ctindinga, I shall for the tone being com the ivord chromatin 
for It From this name no preconception ought to aiue that this 
aubatance must be a ddinn^ constituted cherrucal aubatance, 
remamtng unchanged m all ducIcl Ahbough this ii mdeed 
poanbk, tve do not yet knovr enough abcwi the nuclear aub- 
atancca to taaume it. This only should be denoted br the ^rd 
chromatm thai tuhxtance m the cfU mteina tzhch tahet up the 
dyr in the treatments mih dyes knotm os nudew niowg 
TVo years later he added these retnarka 
The [miclear] nettrork o%vca its refractmty the nature of its 
reactions, and its remarkable oiEnity for dyes, to t aubatance 
which, m consideration of the hner character I have provision 
ally named chromatin.' He goes on to soy that it may be the 
same aubatance as nuckm. T retsm th^ name chromatin he 
continuea, *until dedakm on this shall be gn^en by chemistry 
and I denote by it, tchally empmcaliy the aubatance m the c^ 
nudeua that takes up the colour m nuclear dyeing ” He rc« 
marks, ‘As toon as anyone is able to aa) ciactlj what the 
colourable substance in the nuclcua ta, m terms of cht uuttry , 
3*7 
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fcdi a nrDc as tirccatn Ttill pcri^ be coirf g csdcss, 
cTcn djd n saB cocmeads ca acce nmi of ns brtrr 
In ^as boot 6>c w c rd is used preastiT m Hemimrig* 
Dispitr all thn has been done smcc la* tnue to cnitrpe cor 
ledge of rgdaoprccems and DXA, sre snU do no* tnow cc 
’ g - b a t substance or m bsantts m nodn and e hi tsno so n: 
specal af:r--r r for pamenbr dvts, to uinci Fkmmmg re 
due. It narr pa bip s be nndeopnJTcni, bnt DXA spEt cd 
jmtea trr tbe actron of a fhauv e ««ms more Ekelv, poasi 
S3n>e cases, the pTXen iniT Itself bold basjc dves after dear 
of DXA- It seems safest for ibc present to mun FJem 
■xerd xirtn descobing xbai sre see m imcrascopjcal pre p *. 
cnkmrd xnb tbe csnal dvt*. 


APPENDIX 5 

NOTES ON SPELLING 

Achetadcnnestcus{tht)i<yii%it-cii<iie^) It appears from the Copen 
hagen deemons of the International Commiauon on Zoological 
Nomenclature that the gencnc name Acheta la to be regarded 
(provinonalfy at least) as masculme. The apeofic name must 
therefore end m ur 
Aadophl Sec Banphtl 

Amhne etc. Aa a general role the names of basic o r g ai uc sub- 
stances such as aniltne and quinine end m tne while those of 
neutral ones such aa dextrm end m -tn The first aniline dj% to be 
produced on a commercisl scale was named by its mventor 
tnmmetne The endmg of the word suggests the rclattonship with 
the parent substance Other dyes introduced soon afterwards 
recetred names with the tame ending (e^ fuchsme) For the sake 
of conformity the endmg was applied to sad aa well aa basic dyes. 
The final V ts often omitted from the names of d};^ but it has 
been retained m this book for the names of nearly all the s^thetic 
ones, because the derivation snpports this spcH^ 

ArtxfacL It was presumibfy a mere iLp of the pen that caused 
the poet Coleridge to w r i te arUfact when coming tha term, for 
English words do not include Latin ablatives such as erie An 
being s Ladn noun of the third declension, its stem m compound 
words IS arU 

BenphtL Ehrhch was mterested m the classics as a young man 
and frequently used Latin tags m conve nati o u throughoim lus 
life.*** It is strange that he abould not have recognired the error m 
'basophil The Latm noun bam is of the third declension and its 
stem m compound words a therefore &zn- 'Basophil u as 
wrong ss 'basosphenoid matroarchal , and regoade would be. 
There ts no reason for adding nr at the end of the word it should 
have the same termination as the English adjec tiv e TrancophU 
Similarly one should write aadophiT not aadophilic 
Suprrvttal. Arnold made a careful study of the d yeu ig of 
abfrltbfftder cells. He diosc this very suitable term because the 
ceDs, having been removed from the body, svrmtd while bang 
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dj'ctL Instead of Iea^'mg well alone he later coined the expres- 
sion The supTomtale Mfthode, and the word ‘supravital’ is generally 
used. The Latin preposition super would have been the proper one 
to mchide m the compound word, since it is contained in superette 
(I survive) This method of stammg should be called the ‘survival’ 
or supervital’ method The English word ‘survive is derived 
through French from the Latm supenreo 
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378 281 

azure B 171 180 248 264 269 
270 278 281 283 
azure C 171 180 268 
azure I 268 269 
azure 11 268 269 290 
azure IV 268 

'backbone of protein cham 44 
bacteria, 223 226 245 311 
Bahr 125 
Baker H- 93 134 
basic dye* 164 

basic fu chime 160 170 171 203 
244, 248 302 

basic tiasue*constiCueDta, 19a 
basiphiJ 192 329 
basophi] 329 

bathochroine 156 249 359 
Bauer 107 
Beale, 141 


Beauchamp* de, 275 283 
Bccke line, 231 
Beer’* law 254, 256 
Baaf 72 

Benda 129 141 142, 149 175 
222 

Bemley 141 142 149 
Bentley 172 
benzene, i2t 156 
Beobachningtmedien 20 

34 . 76 98 

Berathsen, 265 268 
Bcrthold 40 66 80 
Beast*, 92 

Betbe, itt 194, 294 
Bird, i88 

Bumarck brown k 170 184, 274 
278 280 290 
Btxa Orellana 299 
been 156 
Blanduffd, ico 
blood dye*, 262 
Blum, 112 
BoHe* Lee, 281 
boru-cartrone, 205 
Bordeaux red 183 260 
Bouin, 19 142 144 t *47 *48, 

*49 

Boyle 93 
Brailbury 230 
Brandi, 274 278 *80 
Brasil 142 148 
Bncka, 92 

biBhant cztacyl Woe, *80 *4®, 
252, 278 281 287 288 
Buchsbaum, 71 
Batschh a granule* 281 
butyric aad, 138 

cadmium chlondc, 14* 
cadmium salts, loi 
Cam, 301 

calaura carbonate u* 

calaum chlonde, 85 ixz, **4, *4 

calcium red, 175 

Campbell, 280 

Canada balsam, 22, 73 ^3^ 

Cmn 3*. 7° s«. 

Capaevm^ 299 
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ctrimbTdnte* rcactiom of fiu 
tiro with, 94, 97 107 116 
»*3 13* 

cvixm uti»chlonde, x 1 8 
carbcmn, 79 
Carieton 81 
camuIuiD x2o 
cinnioe 177 276 297 
carvoM picTUjue 262 
ctiminic tdd, 170, 174, 175 *93 
215 ai6 233 
Camoj 141 144 147 
cartilage dyeing of 191, 194, 243 
*44 

Ctoelnitn, 90 92, 105 112, 126 
128 133 *38 *47 
ot a pbofciia of dyet 189 321 
eite^wl 215 
caUofiic dyef 190 
ceIhJo»e, djTiog of 201 230 247 

238 

cepbilin 94, 114 
cerebrovdn 94 *14 145 
ChttJpy 140 142, 147 *49 
Qtanceae, 280 
Cbauttlcr 100 
dielate bonds 214 
dscmicad aiSruty betn een dyo 
and tistue-cQQftiruenu 192. 
229 

ddtm, 247 

chlorarol black E, 183 184 
dilorofoim t2t 

chloroplatlnJc add. 24. 32, 56 83 
*43 

chlor zinc iodide 120 
cholesterol 94, 113 114 *35 
cholcstcjyl esters 94 ttj 1 16 
chondroidc add 246 
Chcu 111 130 
chromatin 

tff fiutires reactions «ith mi 
cleoproteins nudeoproicjns 
dyeing of 

use of ihc nonJ 327 
chmmeaJutn aio 242 
chromic oxide loS 132 
chromic aalis (wKnis) 133 
chrocmte 1*7 


chrofTmjm anionic, 209 

cationic, 57 147 209 an 219 
mordants, 20S 

tnoside as diSertcuitor of mor 
dant dyes 222 

tnoxJde aa fiisorc 24, 32, 51 
56 68 70 76 78 79 81 83 
X04 142, 147 204 206 
tnccndc r eac t io n mtth neutnl 
poljrtacchandea 247 
chioenophorc 137 
chttanoaomea dj-cing of 194 220 
22s 232, 280 

fixation of 73 95 97 98 104 
108 118 124, 132 133 137 

147 

chroenotTOpc 2R, 183 
chromotropcs 243 
Chrtons zgc waky 274 
Cucoo 101 130 
C 3 ar*e 93 *35 *39 M* *44 * 4 * 
*49 

clag pa tosM z 7 
dsassScation ^ djra, 169 
dupdne, 239 

coagula microacDpicaJ structure 
of 40 

coagulant fizaUies 23 3t 88 89 
coagulation, 3* 32 
coogulation of egg albumin by 
ferric sulphate 316 
of egg-albumin by mercunc 
chlondc 317 

of egg aUjuimn by ririoua lixa 
m-ea 315 

of mtdcopTDtan by ranous 
fixatnea 317 
of proteins 46 83 
ofprotopUsm 66 
cochineal 176 

coefEcieni of elaitiaty 86 87 
coelestmc blue 171 180 216 ^8 
236 

Cohn 177 
cotljgen 

d>ciniref 192 ji- 235 
permeability of 238 
tmcDtngof by tads 64 
CoTUn ->6 
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coOodKrn 

ss embedding medhan^ 75 96 
u mode] for tadic hsme-axn^ 
ponentt, 193 
dyeing of 339 :J33 
cDloients 296 
colounnc agents 296 
co mp atibtlity of fixatives 96 99 
104, 109 iiS 104, *33 *38 
150 

Conco red, 166 183 230 
Congo rubin, 183 199 260 
Conn 165 
Coopeistem, 293 
conpbosphme 310 
Comil, 244 
Coro 100 106 135 
cotttm, 18S 
cotton blue 236 
cotton, dyetng of I99 20t 223 
pore-ftte m, 238 
creosote, X43 146 
di c te t 72 
Cnegee. 62 
fr iT-rtlrtn laice, 207 
crystal vwkt, 170 171 190, 
224 » 25 * 
cyanme 244 
CTelohexaoe-diol, 61 
cydohesene, 61 
cysteine, 44, 48, 49 5=* 57 63 
cytoebrome C 292 
cytoskeleton, 31 

Doftyioprus cactx 176 
dibits, 165 170 171 190 014, 251 
daik-ground microicopy 70 
ddiydrogenase, 293 
denaturation, 45 46 93 
demrty of tmue- co ra ti tuents, 
effects on 23 1 

density (optical), 161 
damme blue zB 236 27S 081 
285 290 
damrmne, 53 
d iato m s 245 
dichitasm 258 
cEetlrdene glycol stearate 79 
Dietncb, 129 


differentiation of mordant dyes, 
219 

difluSKja of dyes, 322 
digestibility of fixed protetm, 55 
direct cotton dyes, 235 
diKiTo dyes 183 184 276 277 
DVA-aic 232 
DNA, Fculgcn t test for 309 
seenudeic acids 
D ui c htri nkungsflitmng 197 
dye-cxdudert, 240 
dyeing of cartilage 243 244 
of cellulose, j8S, 199 
of chiomosofiKS 194, 220, 225 
030, 280 
of cotton, 199 

of mitodaandns, 202, 21S, 241, 
279 2S1 392 29s 
of cudac acids, 193, 204, 2r9 
330 OM, 146. sjl =S4. =58. 
266 291 302 

of nudeoprotem (dutnnatm) ttt 
nudeeprotems 
of nucinis of amoebae 273 
of red blood-coipusdes, 229 
242, 265 

dyes, absoipnem of Itgbt by 160 
adje cti v e , 208 
azoic, 307 
cataphor eaa of, 321 
defiiuoon of 312 
differential action of 228 
Hrff usmn of 322 
direct attachment to tmues, 187 
direct cotton 235 
effect of alkalinity and aadity on 
their action, 323 

of firaiii e s on tbetr acnoc, 
92,95 98 104,109 117 
132, 137 ^ 0 ^ 3-5 

dectropboresa of 32* 
exp e l un ents on (practical de- 
tails) 321 

flocculation of 277 290 
fluorescent, 27S 
for blood 262 

mdirtct attachment to tissues, 

207 

TeveHing 235 
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djt* m«t>din)matic, 24S 
nuUmc ajs 

ocidTAl a&a 
orthochronurtjc, 143 
p«rtide-«ixe of 338 
ntil 378, 384 

echmoidi S^(teeAri>a£taptattdota) 
effect! of fintn-e! on dyemp 92 

303 

egg*«Ibuniin, co«ffuladoD by ferric 
■ulphtte, 316 

coa^ndidon by mercunc chloride 

317 

ccMffuUdon by rtrioui fixx&rcs, 
32 315 

eflff! u tttt*objecti for thrinlatfo 
by finrirei, 77 
Elirenberg 276 

Ebrhcb 166 193 316 334 344 
34*, 2^ 371 *74, *78 262 
386 3&8 

Ehrlich • haenuteln 216 221 
ekttic fibm, 94, lei, 220 
ehutlcity 86 
eUitifl, 217 2t6 233 
electron microscopy 37 7S 3®5 
electropboretlj of dye*, i6g 3*1 
embalming 93 

embedding 77 79 86 148 149 
enxjTEKJ retluonce to fixBtioa 113 
ritmlitirioo of 50 
eorinophn grtnule*, 265 
leucocyte*, 193 193 
eorin ■\ 165 167 J71 178 195 
*34 364 37a. *73 
erythrorioo B 167 171 179 
e*temc 113 

ethanol *4 25 3a 46 76 78 79 
80 87 93 107 117 139, »4* 
303 

ethanobmloe etten 94, 114, 115 
Emu 199 
rth*U!tion 155 
eitnnnc arnfact!, 27 

Fojao/a *31 

ft*t *ad riotet AaR, 171 

fttty add* 303 


feme chloride, art 
sulphate, 85, 316 
ferricymnide 348 
Feulgcn 309 

fibrin filmi In eiperimentJ on dye* 
196 301 303 
fibnnosen 33 130 
Flschel 274 285 289 
Fbcher riii 33 63 391 
fixatHm by beat 303 
by Tapoura, 35 

ei pc n meot! on (prtKtical de 
tafl*) 314 

of chromoaonw* 97 98 104 
108 118, 114, 133 t33 137 
r47 

of lipid globule*, 95 98 103 
117 131 136 

of mitoeboodm, 95 9S 103 
toS 109 117 118 124 131 
13a, 136 137 

of nudeolus, >03 loS tog no, 

117 ii8 134, 133 136 

*37 

fnatire mixture* 34 139 
compoiidon of 143 145 
date* of introduction of 143 
*44 

for c}toplaxniic iodutioo* 149 
pH (ff 143 

fixative*, coagulant 23 89 

ewnpatibOity 96 99 104 109 

118 134 133 138 150 
effect* on d:^ng 93 95 98 

104, 109 117 124 133 137 
303 335 

effect* on e nt ry m e* 113 
hardenlrtg by 86 or 95 98 
103 lOS 117 233 131 136 
Immedate effect* on cell* 69 70 
lonoaiion 90 96 99 J05 113 

119 136 134 
non>coagutant 3J 111 
ovnotie prwfure 83 
oxidation potential 90 93 97 

too 105 ti3 ti9 137 134 
penetration 37 67 91 91 97 
103 ie8 116 1J3 131 136 
150 3t8 
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reaction* with carbo- 
hydrate*, 94, 97. 107 123 

»3i 

reaction* with gtlatme, 33 
reaction* with lipid* 94, 101 107, 
113, 121 125 taS 13s 
reacnoni with nucleic add* 94 
97 99 101 107 113 lai 128 

135 

reaction* with nucleoprotrin* 
94 97 loi 107 109 113 121 
128 135 

reaction* wnth protem* 31 44 
91 93 97 101 106 ri3 120 
1*8 135 

•hrmkacc and twelUnf; b> 36 
75 91 94t 98 102, 116 131 
13s 136 148 
wa*hmc otit 30 

FlemminB 66 75 97 106 121 
135 140 142 147 317 
doccuUtioo 
of dye*, 290 
of protem* 31 
fluore*cem 310 
fluoreacence 310 

fluore scen t dye* (fluorochrotne*) 
278 3to 

food vacuole*, dyeing of 289 290 
291 

formalddiyde, 24, 29 32 31 

58 71 76 78 79 80 81 
82, 83 87 111 142, 203 277 
320 

fonnaldchyde/jalme, 75 
formalin, 111 
fornudin-pigment 117 
formaxan 293 
formic aad, 138 
Fre em an 90 147 
t rrf x i ng -drying 26 47 
freamg luhttitutioo 25 
f r eming thawing 25 
Frey 141 

gallamme blue, 171 215 
gtHocyanine, 171 215 242 
Gedde* 256 

gdatme/albumm gel, 33 34, 314 


gelatine a* model for amphoterK 
tusue-coTUdtuentx, 193 196 
gelatinc/nucleoprotein gel prep*- 
nrtion of 315 

gelatine reaction* of fixative* with, 
33 

gentian \-iolet 165 168 170 223 

Gcrmer 123 

Gicmaa, 265 268 272 

Gilton 142 

glacial acetic add 134 

Glcichen, N-on 177 276 

gliadm 94 

globm 239 

gluconic acid 138 

glucuronic aad 247 

glucuronidote 113 

glutamic aad 48 58 190 

glutamme 58 60 

gtycenc aad 13S 

glyxenne-jelly 255 

glydne 44» 58 J9» 

glycogen 

dytmg of 247 

reaction* with fixatixe*, 95 >®7 
glycoHic add 138 
Goadby 100 
Goeppert, 177 
gold hydrosol 261 
Gomon, 55 
Gorgoma 303 
grading of fixatiie* 74, 92 

Grom 223 

Greco iij 

Grenadier 220 

Grtinwald 265 

gum arable, dydng of 247 

hsetnatem 170 17a, i9o» *94 
ai6 229 260, 280 
haaim t oxylin 173 
Hamaioxylon asrnpfdaantm i7* 
haetnoglobm 94. *04» **3 *35 
Hannover 106 

Hansen, 73 *37 *5*i *55 *57 
hardening by fixatne* 86 9* 95 
98 102 108 117 **3 *3* 
*3^ 

h»Tmle**nc*» of vital dye*, 2»9 
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H»rdy A- C vii 
Hardy W B 17 41 66 
Harm 187 38S 
Hsy^vood ix. 
beat aa fixatire 13 47 
Hddenbam 81 140 143 *05 *3* 
180 284 

Htlix aspma apennatocytea of 77 
7J, 514 98 102 108 116 131 
HdJy 81 127 143 147 149 
bepann, 246 251 254 
Hennano 143 146 247 14S, 225 
Hotwig 77 78 79 80 81 84 
Heach] 244 
Hunrod, 274 

hitridioe 57 63 107 120 19a 200 
239 305 308 

hiatcxdiermcd cdounng amenta 304 
hlatoae 94, loi 113 128 135 260 
Hofrnann, ti9 122 
Huebei 293 
byahirooic add 247 

114 

hydrochJonc aad, 14> 4^ <38 
hy dr ogen bond, 64. 199 

hydrogen per peroamatc 1:9 
hydrophil conatmienta of protem, 

48 

hydraxy-giutamic add, 191 
hypaochrome, 249 

hnmo-baaea, 251 302 
mipregnatioo 305 
iodcoe 62 
Indian ink, 376 

indifferent aubatancea in fino'ea, 
24 80 loS 109 
indlffo 307 

mdiffo-annine, 336 339 374 

307 

Indlpo d>ea, 307 

indigo-nhite 306 

indole, 63 

indophcnol 179 

indophcnol djn -88 

indulmc lyt 183 236 

Injection medta 297 

bitefferertce niknncopy 331 275 

intrirmc artiracti 27 


iodine, 103 155 

at 0)10111114: 303 

u fixadre So 

as txappme agent for dyea 223 
todogotgoruc add 303 
lodo-mtio-tetraiolium 293 
tonixatioD of fixibrea 90 96 99 
X05 1X3 119 126 134 
uoQ alum aio 217 
lao-alectiic pout 
of dyea, 215 
of fibrin film 204 
of proteina 49 191 
of tiaaue>cciiiatittienta, 195 206 

JacobaoB 106 

Jamn green B 171 x8x 183 184, 
248 178 aSi 288 289 290 293 
Jenner 265 
JanUn, 138 
Jordan Luke, viu 
Jaigesa 243 
Junmj 93 

Kjoaerimg 133 
Karpechenko 143 147 X48 
kalhaetocgkibm 94 95 
ka tfaep am , 30 
Kaufmann xxp 130 
Kehrmann, 265 z68 
Kelley 203 
Kemecfatiot 170 175 
Ljdney*cDTtex of mouse aa teat 
object for flxadvea 74 
Kingsbury 59 112 
Kirk, 91 

Klonenberp 143 147 
KuB 185 

Kultachitzky ceDa 305 

lac, 207 
Uc-dje 2x5 
lactic add, 138 
lakes 207 2X2 
lamp*black 297 
Lampyru tpl ndtefula 130 
Lang loi 
Langeron rib 
Laa^ek 105 
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roetbyleoe violet 171 »68 169 31a 
MetZDcr 141 
Meve*, 041 
miceUca, 338 

Mkhada, 356 274, 379 300 
milling ’ dyra 135 
MiDon, 103 
mitochondria 

dyeing of 103, ai 8 *41 379 
a 8 i 393, 395 

fixation of 74 95 98 103 loS 
109, 117 118 124, 131 132 

136 137 

mitotic tpiodle, 103 
modificn 160 

MUDciidoifiE, 197 317 *37 * 4 ° 
389 

maDO^azo riyet, 1S3 
mordanti 56 307 
Morgao 314 
Mormon 196 300 
mucoJd 247 
mucmtie aod 346 
mucDpotyucchande* 382 
mucoua tecretiom, 192 
MQller 33 8x 106 1x7 
Mutaoara, 359 
tnydib 1x0 128 333 
myelin forma 114, X15 
myosine, 317 

NaegeU 334 
naphthalene 168 
naphthol 0) 297 
naphtbol black D 336 
yeDcrtv 165 185 
Nataooov 140 
Neale 199 
Nfbfnkern, 232, 281 
NiederachlaRtflibung, 197 
Naaacr 280 
ncnT fibres 

tilvermc of 305 
Mtal djetnc of 282 
neutralied 171 iSi 225 274 278 
281 288 289 290 295 
rieutiophn grmnulea -63 
new methylene blue 171 281 
nlg f o tm e 171 182, 234, 236 237 
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NnebIuaA,i7r 180 278 301 
red, loi 301 

mtnc tad, 24 32, 32, 46, 142, 
146 

futrobenzene, 1S4 

nitro dyea, 184 

Nocht 265 a66 268 272 

NoctHuca 120 

QOOMTtclature of dyea 165 

non-«ddhive fixation 46 

non-coogulant fivativea, 23 51 

III 

Nopatta focniw/li/imj 176 
nucleic aada dyeing of 192, 204 
319 330 142 246 251 254 
358 266 391 303 
rcactiona of fixadrta with, 94 97 
99 101 107 113 121 12S 
*35 

oudeoha 

denaityof 331 
dyemg of 380 381 
fiiatioaof 98 103 108,109 no 
117 118 134, 131 132 136 
*37 

oudcDprotelna (Bcbrooiatm but 
aeop 327) 

dyeing of 31 99 117 193 304 

306 317 3 i 8 330 338 229 

330 245 258 37a 381 30a 
preparation of 314 
reactionaoffixativTa«itfa 35 94, 
97 loi 107 113 lai 128 135 
3*7 

nucleua of Protoioa djreingof 266 
* 7 * 

nylon, dyeing of 199 

otek add. 94. 107 lai 30a 
olctn 131 
Omiaa 67 

orange G 1S3 190 336 237 339, 
343 259 362, 3&3 290 
orcein 185 194 233 
ofonoi 1S6 
Orth, 143 147 149 

orthoquinonoid rmg 181 

onnlc add 62, 119 
fwnium djoitde 119 126 
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famrom tctniude, 24, 32, 51 6r 
70, So, Si S3 S7 iiS, I4i» 
203 205 

£S colouring ag e n t, 306 
ocnoQc preoure of fitr i Tiv e a S3 
Otfcmer 91 
Orexton, 109 2S5 
oxalic and, 239 
oxazme dves 171 180 216 
OP d arroo-potcnTnl of fixaQrea, go 
93 97 100,105 * 12 . 1*9 *27 
*J+ 

oxyfiavones, 2S1 
PaUdf, 75 

palmitic aad, 94, 121 
Pan^d, 227 
Pantm, xSi, nc 
Pappeoheim, 230 2'*2 
puabenroqnmoae, 157 
paiaSm embeddirtj ahnnfcasc br 
77 "9 

panfo-toaldeiiTde iii 
Per cj ' jas m 2S9 
pxrxmidexr bodlei, 2S1 
pxraqnmanojd naj 157 
pararoaam line, 158 1-0, ??4, 251 
iSi 311 

p c n t tmi on of drea, 216 221 234 

of fixanrea, 29 37 6- 91 94,9“ 
102, loS 116, 123 131 136 
150 31S 

of vital dres, 2S5 
pepcn,55 93 97 101 113 
pcpnde lint, 45 59 
Perfan, 143 145 147 
p a fuu aa, 25 
penod of fixation, 29 6o 
per perosmic aad, 119 
penaophic membrane, 2^ 

Peril, 3=4 

peimraHEty of taroe-ooastrtofnta, 
influence on d r mty 234 
Peters, 2S7 2SS 
Peat, 20 

Pfefier 234, 2“4, aSo 
pH of ro oid ma , 212, 221 
phagocrac c ePi , 260, 2*-6 2S0 297 


pbne-coatmt microicopT 2S, 2~5 

ji y> 

phlorme, 171 179 
pbospluadic aad, 94 
phoap hol ip.di, 2x7 222, 291 300, 
301 302 (see alio lectfiim, etc.) 
pboiphomolybdic aad, 239 
pbos^boazngitatc:, 24S 
photograplnc redo cm, 305 
fK livdirnybcnzcr c and, 30 
phrmil pi o peiti es of fixed txsati, 
S6 

ptcic aad, ai iPf!CT r .tumr of 
mordant drea, 222 
aidTt,i 74 ,tS 5 190,236 ~3~ = 4 * 
ai fixaare, 24, 32, SI 53,65,76, 
-S 79 So 81 S3 S” 96 ir* 
142, 204, 205 

pioo-camnne, 294 (see lai'.ri.re 
p*cnqne) 

pienKm grmine , 1S5 
P tiAm ger -2, 92, 124, 195 
ptasmal, 102 
placDalogen, 94, 102 
P M T ti r u s f sA, 
polar ydlcrtr R. 241 
PoEcand, 92, 103 
po Uedi T l ea e clyrol 79 
polyglutaanc aad, 5S 
pu l iglutarnira, 5S 
pohgljTane, 5S 

I i-j ft rCT and ti.~e ta;li i>^ '^ - ir r 
256 

poljiaoipt*, 263 
po lvp epadei, 46 
poVsacebandet, dremg cf^ 246 
ponceau 2R, 1S3 236 
p u auiu oanag 29, 129 
posmanwaaon, 29, 126 306 
potaaamm acetate, 255 
ahzm, 210 
chlorate, 122 

iy^ “.i«nrTi jSchromite, 24, 30, * 
-6 78,-9,81 83 S- 126,140, 

204, =56 

as mo-dint, 209 

poT2»roni fer^cramde, *^ '■ 

25^304 
hvdic i pde , XI” 
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potUDum metupbosphitc 146 
pemtaogvtMto u di^erestutor 
of mofdtnl dyts 132 
pfcumn gttMtte m tupping igent 
for djo, 326 
tri-lodi^ 303 
prescmtOon, 10 
p i t*ei r iU ro po»t fixation, 30 
p rim iry* fixative*, 88 
p ropi ocic aad, 138 
p r o te nlpe, 63 95 205 259 »73 
pTDteu)* (DgcftOiilrty after fixation 
55 

nacaoas with fi xa tive* 31 44, 
9t 93 97 *06 113 130 

128 135 

atnicture of 31 44 
Pnaaunblue 304 
pUTputine, 170 173 
pTrogalloI 140 
pyroligoeoua aad, 134, 13s 
pynmuie G 171 178 *30 

Quekett 100 134 
quinine, 259 
qulnone, 156 
quinone-4mloe dje* 179 
quinonotd dyes 169 

Radiolana, *75 

RanWcr 97 lor 244, *74, *76 277 
Ri*umur 93 
red algae, 245 
red bkKxj-corputcIea 
djeing of 192 *29 242 265 
fixation of 74, 95 99 104, 109 
irS 13a 

perroeabOity of 238 
refractive index of c7tcrpI*«B x*. 

c# irelatinc/albumin gel, 33 
Regaud, 143 147 J49 
Remak, too 135 
realjted woo] 240 
reaonance, 156 159 168 
rctieulo-ondothtUaJ r yi t on *76 
Reuter 265 2^7 
rhodandne B 225 
rihonticjeaae 230 23a 


ncinolein 135 
JbJigJtSrTter, 125 
Ripart, 20 

RNA, w nudoc aad* 

Jtacdia^ 185 
Roe 265 270 
Romaoowaky 264 
Hongalit, 286 
Roque, 282 

rofanihoe, 159 170 124, 285 
Ro** 77 78 79 95 108 148 
Roaacnbach, 309 
Rone, 164 
Rudac^ 120 121 

Saa h o f trm y c t i ctrettsia/ 246 
aa&QO 153 

aafnmloeO 171 181 190 284,290 

SoleanoMlrti wuuvlcsa 80 

aalicjlic add, 213 

aatnune, 217 

SandHt^ 231 

Sanfclice no 143 146 148 

aaponine, 86 

Sdiafier 81 

Sddff'a aJdfihrd^e reagent, 102 
107 115 163 308 
Schmidt, 56 
Scfauitxe 120 122 
Schuhe izo 
Schwarr, 40 66 

aea-urchin 81 (tee Arbaeia pm 
tulasc) 

Sefa 33 94, 13a, 189, 193 196 
202, 237 285 286 289 290 
aemmifenru* tubules 73 
Stpui offianalis 81 109 
•epia, 276 
aerlne 191 
eater* Wt **4 
aenzDi albumm 33 1*0 
globulin, 33 120 
Sheppard 256 
Sherlock vih 

•hrlnkage and twcUlog bf fixatiie* 
35 36 75 9r 94 98 102, 116. 
131 135 136 M* 
by dehydrating agenti and em- 
beddmg itiedia, 76 
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udc-group* of protein chain^ 44 

»ilk fibroin, 58 

*il\‘er reduction of 305 

Singer 196 200 

nngle-bath method 20S 

SjOb iin g 83 

SjOraD, 81 

Small, IT 

Smith, J E. 287 

Smith, / Zm 107 129 130 301 

Smith, J hL D 214 

aodium dilonde, 53 54, 81 119 

143 

hydioKulphite 162 
lodate 173 
phenolate 212 
aulphtte 33 81 127 143 
fulphoxylate 286 
thiofulphate, 104 

•olution*, percentage compocticm 
of 313 

apeofiaty of ntal dyea 289 
apec tr ophotometer t6o 253 
apelhug note* on 329 
fpermatocytet of Htiix axpena 77 
78 281 

ip e im atoxoa of fiahea dyemg of 
19^ 205 

of j4xomj dyeing of 225 
apcnnatozooids of Ch ar acete, 280 
aphmgomyehn 94, 135 
Spmgyrn 66 
Sjxikca IX 
staining 296 
atimmal hain 280 
starch, dyeing of 247 
Starke, 123 125 
ateanc aad 94, 121 
Strangewayi 28 70 92, 108 
Straaburger 106 
atrychrune, 259 
aubatxntire dyes 20S 
Sudan black, 122 300 
Sudan in lor 299 
Sudan IV loi 299 300 
aulphunc eater*, 246 
aulphydryl 49 52 
sulphatase, 113 
sulpbonate, 167 


aulphonic aad, 167 
aulphunc aad 143 146 
sulphurous aad, 109 
supcmtal dyeing 279 329 
auprantil 330 
Susa 140 147 148 
swelling caused by fizatKici 36 64 
75 

Syivfa, 24s 247 256 257 258 

Tachardta hicta 207 
tadpoles, 278 
Teenier 233 
tannic aad 120 223 
tanning of leather 57 126 
TeDyemicizy 72 92, 94 97 loS, 
123 136 150 

temperature, effect on dy e in g 20t 
effect 00 metachiomatic dyes, 

254 

team of mouse as teat-object for 
fixatives 7a 

tots of fixativ e s , 28, 71 7> 
tetra-azotixed benaJdme 307 
tetxachrome dye, *70 
tetraxolrum 293 
teitDc dyemg 188 
thiaxme dyee, 171 iSo 
thionine, 248 268 28a, 287 288, 
290 

Thorpe, 91 118 130 
toluene, lai 

toluidine blue, 171 iSo 194, *43* 
248 250 258 270 282 290 
Tradetcanba 280 
transmission of light by dyes, 
160 

t n i |i plng agents, 223 
Trembley 274 
TrtacuT dye, 264 

tnorylmethane dyes, 163 169 17®? 

171 224 

tncfaloiecctic tad 24, 3 ^ ®3 *3° 
143 146 204, 217 
tnglycoidc* 114 
Tnmen, 172 
tnmtrophenol 185 
tnolein 94. ^3® 

Tnaryheematem, 174. 216 
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tnptlrruto, 94 
trii«io djT* 183 184,177 
t mtoiln 94 
trcp«olm, 183 28s 
tryp«n blue, 183 184 376 
tnT*m.49> 55 93 97 io» 1»3 
tryptopiane, 49, 57 6a, 63 106 
iflo 308 
Turbeflana, lOO 
two-bath method, ao8 
tjroaine, 4B, 57 58 106 191 303 
308 

UndettuD 97 
imd’taakmg agents 94, xoa 
Unna, 330 133 365 *67 272 
2S6 

unaaturated colours 129 
uranyl nitrate 356 
tirea, 46 86 14a 

ractniea aSi 1S3 
valenc aad, 138 
Velania 185 

vm der Wtals forces, aoo 
Vcnkatanman 167 188 
vetmllion *76 
Vkkenta^ 18S 
vinegar 134 
Virchow 109 131 
Vital colounog 374 
vital dyes, harmlesstteti of 289 
penetratiOD cxf 284 
speofiaty of 389 


*vitelUoe glands 331 
Tolutin 245 246 381 

Waals, van der 200 
washing out of fixatives 30 
Wagert, 128 
Welgt, 126 
Wemer 213 
Westphal, 244 

Wetaid 86 95 98 103 loS 117 
123 131 136 
WhiteJey 91 118 
Whitman loi 
Wigglesw u rth 217 
Wikccx 270 
Wblman viu 115 laa 
wool, djrlng of 2or 241 
Wn^t, 267 

xsnthene, 178 
xsttitheie dyes, 170 171 
xylene, lai 
xyVdme red, 183 

Young 81 109 

Zea mays 132 
Zoger vm 
sem, 60 94 

Zenker 81 127 143 I47 *43 ao6 
*77 

Zenker without acetic, 14* *43 

*49 

Zulde 64, 92, 13a 133 *37 *38 
*47 
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of 2.000 units (prop lyhetic dose) in •yrinse packages of 6 000 omU 
(tlierapeufic dose) , also maTleted in *in«Ic 1 cc vial packages (for the 
diagtiosiic blanching test) contatRinc »uff«en( scarlet fe\er sireitococct.s 
antitoxin for five tests 

Parke, Da\is & Co, Detroit 


<5- Co— le 1 


Scarlet Ftter Sireftoeoeets jlnlilajui P _ _ 

by inoculating horses »ilh scarlet fever strertocr-ceus 
virulent cultures of scarlet fever streptococci under U S patent 
1 S47 369 (July 28. 1925 expires 1942) Ly license of the Scarlet Fever 
Committee Ine Marketed in packages of one syringe (prophylactic dose) 
coritaining 2 000 units (Rio 1)6), m packig«s ct one syringe (tberapeut c 
dose) containing 6 000 units Olio IIS) an I in single 1 cc vials (for 
the diagnostic blanching test) containing sufTicient scarlet fever antitoxic 
for five blanching tests fDio ISl) 

E R Stjuthb &. Sons, New York 

V ^ Birsfrif—Il IS prepared by 

• . • 1 S47.369 (July 2S 

' • rer Conmiltee Inc The 

1 • * Marketed in packages ol 

• • • rophylactie dose), in pack 

■ . • . therapeutic dose) and m 

• • • blanefiing lest) containing 

• ■ hmg tests 


ANTtBACTERfAL SEROUS 

More complex in letion than the antitoxins and much Jess 
satisfactory for tlierapcutic purposes arc those antibodies which 
resist the bacteria themselves This field of usefulness is open 
to much controtersy, both theoretical and practical 


ANTI-ANTHRAX SERUM.— Serum Antianthracicum. 
—A serum prepared by immunizing horses against virulent 
anthrax bacilli 

Actwrus and Uses — Good results hase generally been reported 
from the use of the specific serum in human anthrax Pro 
tectise antibodies can be demonstrated experimentally 
DoJO< 7 C— From 30 to 100 cc subcutaneously or intrasen 
ously The serum should be used as early as possible and used 
freely, the dose being repeated several times a day m severe 
cases 


Lcderle Laboratories, Inc, Pearl Ri\er, N Y 
/fnfi .4 nfkr<i.c 5crvfn —Initial dosea ot frem 100 to 200 cc may ^ 
administered intramuscularly or intravenously, to be repeated in 1"*°'' 
four hours if indicated Alarkctrd in packages containing one 50 cc 
syringe with bulb and sterile nc^Ie 
Mulford Biological Laboratories, Sharp &. Dohme, Phila 
deJphia and Ballimorc 

AnttAnlhrax i'rfuiH Marketed in packages of I*;® 

(HI 2 OS) of 10 cc each in packages of one syringe (M 2 oU) ot ^ 
ce , ID packages of one double ended vial 2 010) of 50 « « 
least from 80 to 100 cc should be injected intravenously as tne i'“ 
tial dose 

Parke, Davis & Company, Detroit 

,4»ili vfnfAror Serum — Marketed in aynnges containing 50 cc /£'^. 
4S) Initial dose of from SO to 100 ec., injected intravenously, snou 
be followed by further injection in six or more hours. It » well to *' 
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Jhf »rnsiijration of ehf paticM to horse serum prior ( 
I'®"’ of the cutaneous test, srhich will leoun 

hour The drop of serum required for this test can oe 
from the s;ri/ige container of atitiSRihrax -erum 


0 the first tniec 
■e about one naif 
obUinetf directly 


ANTIDYSENTERIC SERUM.— Serum Antidysen- 
tericum. — The serum (jtolyvalcnt) ot horses immunized against 
file Shiga bacillus, its products of growth, and other types of 
the dysentery b.icillus 

rdfti'onj and Uses — A reduction w the mortality rate o( 
hacthary dysentery through the use of some serums has been 
reported by some observers but not co/ifimied by all It would 
seem that the best results nay be ascribed to an antitO’cic action 
in infections with the Shiga-Kruse type of bacillus Infections 
with the Flcxncr, Harris or Hiss-Y strains, which are relatively 
poor in toxin production, have not been so favorably affected, 
tliough some bactericidal action is claimed The most favorable 
results are observed in the early stage of the disease 
The Serum is required to show a high agglotiiun titer for 
the various types of dysentery bacilli 
Ouropr.— From 20 to 100 cc , subcutaneously 


LederJe Laboratories, Inc. Pe.irl River, N Y 

dnUiyttnltrii SiT»Tn /feljtalenr) —Tiom horsf$ fiypefimp'uniteil 
Iftinst tbe Shfga and Flexner trpes et J}tenieiy bseilli MsTketed in 
syringes eoniaining 10 cc. «e<b with sie»le needle, jlte iii syringM con 
Utning jO ee wch wuh etenie needle 

Oesflpe •..yor prophylaxis 10 ec in>rctrd snHcuianrousIy For treat 
•nenf an initial dose of from SO lo lOO ce IprefeiaMy iniroted inira 
venom/y) md repeated at four hour miirvalsaa indicated hy symptoms 

Mulfofd Qiological Laboratories, Slurp & Dohme, Fhila* 
delphia and Baltimore 

^MidytfxtfrK Strum f^efvtafeni) — Fiem Wse* immunired arainsl 
me Shiga. Flerner and Y itrains nf ehe dysentery bacillur Marketed 
m packages of one syrmge (H eomaining 2D cc each, also in 

peekagea of ere vfal (M 2i). loniaunng: JO cc each, with or wilheui 
eterilc needle and sterile robber lobiog for intravenous injection 

Oosape—Fifly lo 100 cC . to be followed at eight hour imervais by 
do«s cf SO ce. unlil eOO ec has been given Prominent autboriliet 
ricr-mmend intravenous injeelion 

Parke, Davis & Co , Detroit 

.‘SotiJyseMerie yrrli»n,~Frow horses imraumeed aejinil v«v*r*! swa'n* 
®f Shiga, FJevBcr and Kiss-Y types of dysentery barilli JJarieled in 
packages of one vial (Pio ronnining 20 ct 

Oorape— lo fc is suggested as prophylactic dose iherapeulic dose, 60 
lo 100 cc , preferably intravenousl) 


ANTIMENINGOCOCCUS SERUM.— Serum Anti- 
mcnlngococcIcum.—A polyvalent wrum prepared by me 
immunization of horses with cultures of the various <7^* 
meningococci associated with meningitis m America {Dip'o- 
coccus wiraeellularts'). 

Actions and Uses . — Greater $ik:«55 seems to have attended 
the use of serum directed against the menirtgococcus than has 
been the case with any other antibacterial serum The scrum 
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must be jntroduced JUto the subdural space and its action is due 
probably in part to bactenotropins, possibly to anti endotoxins 
and other antibodies as well Each lot of the serum is required 
to bft tested for potency by tneans of agglutination or comple 
ment fixation methods and none is allowed to be sold \\hicb 
does not reach a reasonable titer against the several types of 
meningococci by at least one of the tests 
Each lot IS tested at the National Institute of Health prior 
to sale 

Dosaffe — Average dose, 30 cc, intraspinaJIy, as early as 
possible in the disease and repeated as indicated For young 
children the dose should be 20 cc The serum should be intro- 
duced slowly by gravity after the removal of a corresponding 
amount of cerebrospinal fluid The administration of the serum 
should be controlled by blood pressure readings, a drop of 10 
mm of mercury during administration being the signal for 
withdrawal of the needle 
The Gilliland Laboratories, Inc., Marietta, Pa. 
Anhtnfmneseeeat Strum — Afarlrctcd ifl padagej oi eae ceofain W 
IS cc with sterile needle, stylet, and amebnents for mtraspmai adamii 
tralion, in paefcases of two viala each containing 15 cc with ftcnle oeedle 
itylet, and attachments for intraspinal administration 

The recommended intra<pinal dosage for the treatment ot 
epidemic cerebrospinal meningitis is from S to ]5 cc for a child and Ju 
ce or more for an adult 


Lederle Laboratories Inc Pearl River, N Y 

AntmtHtnsocoeete Strum — Marketed in cylinders containing 
ttvely IS and SO ce each with sterile needle and stylet also m zu cc 
vials 

Datage --VsanUj 20 ee inCraspinally thotzgb 30 to 40 cc may 
times be given if a large amount of spinal fluid bas been withdrawn «na 
the serum runs in without difflcolty This dosage applies to all aa^ 
though unusual care should be exercised in the case cf young hs2'*j 
This treatment ts continued every 12 to 24 hours until the spi"*) ^ 
becomes clear or until meningococci can no longer be demonstrated m 
spinal fluid obtained from two successive punctures 

Ell Lilly & Co , Indianapolis 

^fitimeninffococcie Strum Conctutrated Lilly — Refined and '51],', w, 
trated by tbe Bansbaf method Marketed in packages of one 10 cc do 
ended vial vvith apparatus for intraspinal injection 

Mulford Biological Laboratories Sharp & Dohme Phila 
delphia and Baltimore 

^filimenirtpilij 5enim — Marketed «n double ended vials 
each containing 15 cc , with stenhred rubber tubing 
intraspinal oeedle and stylet for injections by the gravity metpoo. 

Dosage —From IS to 30 cc. at intervals of twenty four hours 

The National Drug Company, Philadelphia 

Anhmemngococcse Strum — Marketed in packages of two IS cc 
with apparatus for intraspinal injection in packages ot one 
double ended vial with apparatus for intraspinal inject on 

Parke, Davis d. Company, Detroit ^ 

Autimemrtgococcic Serum Marketed in Packages ‘’/„i,V'?s”'^'/W 
with flexible connection gravity tube and needle with stylet (e ^ 

each containing IS cc., also in packages of one syringe with neeoie 
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long flexible (ubt. suitable <or tncraecnnus mjetjion eitber by pressure 
cr eravur roethod IBio. J?2). each contaimns 3i tc 

ifojape —rroin JO W 150 ec, iiitra\cnou>lt from 15 lo 30 <.c, inira- 
spjnally. 

E. R. Sfiuibb S: Sons. New York 

rffiiimeHtitjefoceie Serum —MarketeJ m packages of tAo 15 cc con 
tamers jn a gravity outfit with netdJe aivi ir.car 

United States Standard Products Company, Woodworth, Wts 

^ntimrHinpofccoc ^S'erum PolnaUnt — UarLeted in packages of one 
double ended tial contaimoe 15 cc and <n packages of two double ended 
vials each roBta.ning 15 cc with ap(>ar<tus (or intraspinal injection 


ANTIPNEUMOCOCCUS SERUM -- Serum Anti- 
pneumocQccicum. — A seium cAtamcd from horses immunized 
by injection of virulent pncumococct 
Aclions and Uses . — Investigations uidicate that the pneumo- 
coccus in lobar pneumonia may be referred to one of four 
serological types. Tjpe I serum alone »> worthy of clinical 
trial. Early massive intravenous doses of a highly potent 
serum are used 


The Gilliland Laboratories. Inc. Marietta, Pa 
<dH<i>)irkm»eofrtr JTrrmu Txt* /—Markeird in vials eoniaming 50 « 
and too ce; a)sa in doubir sn.Ud vials coniainiag 50 ec raea. witb a 
gravity in;eeting apparatus for loiravcnoos injeetica 

Lederle Laboratories, Inc. Pearl River, N. Y, 

and Coficrjittaui Ant’pato’^Mnc 5«r«fn, Txn l-Lfderlt — 
Prepared by immunuiog horses with intravenous injetlioni of cultures of 
type J and “^pe It oncutBOCocei When test bleedioga show the serum 
W have ieaehe/»_auffcie<it__de6r«je ol poreney 


hfulford Biological Laboralortes. Sharp & Dohmc, Phila- 
delphia and Baltimore 
Anlipntumocoetic Serum, Tvpe I — Pr«>ared b\ 
wilh dead and living pneumococci Type I and tundardited by 
potency tests asamvl a highly virulent Type t cuUute Marketed m 
packages of one SO « double ended vial (U *l OIPJ 
Mulford Biological Laborattwies, Slurp &. Dohme, Philadel- 
phia and Baltimore 

fiteuoKJeofm* /fntiiedy ClaPultn Tyt* I Mullard — t"? 

JmmuniciBg ■ • . — ->r ana 

type II p ■ ■»« 

reached » • 

horses are i ■ ■ • ' ' 

tbe method ■ ' 
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Thff finiihe I praluct containt type II rntumococcui anfi'«x!i«», I t n'’! 
in tLcripeutically imj>ortant Bmounia The usual iierility and iiUi 
lest* are made hy injeeilon into white rtiee and tuinea-pic> Standard 
nation is cUccted on the basis Uith cl tie mouse protetlion test and by a 
specific polysaccharide preclrltaticn test derisM by 2oaaya Coyer and 
Clark (/ Exfer Mti , Octoiter, 1939, p <71) The witency c( tie 
proluct it expretsed in terms of the unit described by Felton (/ /a/rrt 
Dit September, 1?23 p 199, Octol>er, J92S, p 309, J A. Jf A . Jone 
14 1930 p 1893) this unit heinr the amount of type I pneumocDcni 
antiliody that will protect mice acainst cne million fatal dosn of the 
culture It It marketed in paelcaaea eotiiainine 10 COO an I 20 000 units 
< I type I pneumococcus aecnmpanird by a rial containmc a I 10 dilution 
of pneumococcus anti!>»ly (totuhn type I for tic ophibalmie test 

/Ooiope —First dose. 10 GOO units followesi by a second dose of 
20 000 in one hour, the lecond d''te is repealed at intervals of from 
fosir to eisbt hours until the temperature falls and Lenefieial e‘*eets ate 

The National Drug Co, Philadclplita 

/iHlifnfumetofne Strum Tyft f— Marketed in paclapef of one SO cc. 
douUe-ende I vial with apparatus for intrascnoiis injeeiion 

r R. Sqtiibb & Sons New York 

Attt\p»tuMfecft%( Strum Tyft / — Marketr I in viaU eonlaimns 30 ce., 
also marketed in packages of one 59 cc gravity eonlamrr 


ERYSIPELAS ANTISTREPTOCOCCUS SERUM - 
A spectre acrtim coniatntng the antibodies and antibaeterai 
properties of Streptoceecut erystpehus 
Actions and Uses—Vot therapeutic use ajjainst cr>stpclas 
It inay be of saliie when adminuteret! in acJetjoale doses in 
the early stages of the disease Though there is no eMoence 
for the \alue of nonspecific antistreptococcus scrums, there 
appears to be some evidence for the value of a serum represent 
mg the antigenic and antibacterial properties of Streptoeoccxis 
er^sipelatis 


Ell Lill) & Co , Indianapolis 

Eryiiptlat Artlulrrptotocat ^rri»m-tsf/y (CvnrtnlralrJ 
The terum is obtained from horses immunired with ilrains of hetnoiyiic 
streptococci obtained from humao ca«<s of erysipelas It i» conremratw 
by a method similar to chat employed in the retmement of 
antitoxin, the resultant serum containing both neutralising and bacterial 
antibodies Marketed in packages of one syringe containing an average 
initial tfaerapculie dose 
Dosage — The contenfs of one syringe 


III. Agents for Producing Active Immunity 
The use of substances for the production of active 
mty has at least two advantages over the use of serums The 
antibodies formed in the patient’s own scrum are not lost so 
rapidly as antibodies from the scrum of another species, ^ 
the second place, not only are the immunity reactions oi the 
blood serum made use of, but the fixed cells of the body may 
also take part in the iminumruig process Thus, protechon 
from smallpox conferred by vaccination lasts for years wmic 
the prophylactic action of diphlhena antitoxin is of avoul only 
for days 
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These advantages are jrcquentlj urfict, however, by the 
tardiness and uncertainty wjth which active immunity appears 
and by the fact that the body may already be overloaded with 
antigen tn the disease or that suthcient antigen to produce an 
effect would be in itself harmful to the patient 

Antigens may be of various sorts Thus vaccine virus, the 
most notably successtut. is conceded to be the living micro- 
organisms attenuated bv jiassagc through the bovine species 
Other antigens, such as lubrrculnis and bacterial racemes, con- 
sist of killed whole bacteria or of products formed by them or 
extracted from them 


ATTENUATtD HVJNG VIRUSES 
ANTIRABIC VACCINE.— Vacemum Rabies.— Ants- 
rabic vaccine or antirabic virus js the virus of rabies rendered 
practically nonvinilent for man by passage through a long senes 
of rabbits and treated in various ways to decrease the inlectivity , 
still further, to destroy it Methods of treating the virus before 
inoculation are drying (Pasteur), dilution (Hogyes), cmulsi- 
iicslion wilh phwol (bnnpit. FermO. drying at very Joiv tent- 
peramre (Hams), and dialyiiog (Cummings). 

^efions DHd Usfs— By treatment with antirabic vaccine after 
the bile of a rabid animal, immunity is usually established 
before the incubation period oi the disease is completed, and 
rabies is thus prevented The treatment fails occasionally, and 
in a small percentage of cases it is followed by paralysis, which 
is usually transient but may be tatal 


Cutter Laboratory, Berkeley. Cahf 

Xaiitf Vaenni (Stmfit) —An «nuf*l>ie vatcine prepared aecerdinj la 
ihe tetterat m«ih<jd ol Dsvid Sempl* (vheivot killed) The brain* ot 
rafaiiiu killed an the anth dny *h«r minulauoB w,ih fixed v.fu* rahie* 
are ground in a morlar wuh phyjiologicaJ aotuwpn 61 sodium ehbriile 
cnntsmmg I («, <,«.u of rheoil «■> '.tW a 10 ^r <«at au.penston of l.raJn 
»ubjlancf The mixture 1* Slrained mtubaled at 37 C for twenty four 
hour* and then diluted with an volume of physialagita! aoliitinn ef 

sodium chloride *0 that the finished product eonlaifil S per ecnl cf 
brain lubstance .Markeied in pacUges r>f seven syrmce*. each contain 
me 2 5 c« The cuulent of 3 »T»>nSt »« admintstered daily over a periml 
of from fourteen lo i»' ntj • ight days aceordins to the leveriiy of Ihe cate. 


The Gilliland I aboratones, Inc, Marietta. Pa 
eMiur Antinabic r'flr..»e —Tlie '“■»»«* J" »“oriUnre 

with the cenerjl method of Ihe U S Public Ueatlh Service One. 
fifth of an inch ot dried cord emulsified tn 0 6 ec of tp per cent 
glycerin containing 0 3 pet eeol irikresot >« *«pplied. This li ddulcrf 
with 2 5 ec ol sterile phyai<doE>cal Sidmion of acdlum chloride Jn 
synngej. the dilution ii roede at the Urae of in;eelion The Irealmenl 
consists of twenty one doses which are administered at twenty four hour 
intervals, and these are scni in Ihr** mstalsnenti of »evcn dme* r»cli 
The instalments are sent by special detiveey raail The first dose eon 
nets of two sections of a cord dried for MX days, the fecond dose ton 
sists of iwo icciions of a cord dned foe five day*; and the third d,«e 
two stciioiis of 3 sord dried for four day* The remamirg eighteen ,hw« 
ate prepared from single section* of tords drted as Eollowj- 3, r a 3 
t. 5. 4. *. 3 3. 2. 2 *■ 3. 2 3. 2, 1 day* They sre aiimfoiitered In’iU 
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I'aeciKf GflCilafui Method) —As tntirabie TScciDe pie 

pared accofdmg to the general method o£ David Semple (phenol killed) 
The brain and cord of rabbita lolled after inoculation with lived rabie 
virus are emulsified in a ball null, after which a auflicient quantity o1 
I’hysiologie solution of sodium chloride containing 1 per cent of phenol 
IS added to yield an 8 per cent emuliion of the fixed virus The etaulsien 
is incubated at 37 S C for twenty four hours ind then diluted with an 
equal volume of physiologic solution of sodium chloride so that the 
finished product contains 4 per cent of the brain and cord substance tn 
0 5 per cent phenol Marketed In packages of fourteen syringes each 
containing 2 cc The content of a syringe is administered daily over a 
period of fourteen days 

Dr D I- L&botat<yry, St (Matvwil Patlvi- 

logical Laboratories, Chicago) 

i?ohi«s I'acciRe fffarnsj — -Hrams and spinal cords of rabhils that 
have died of fixed virus rabies infection, are ground to a paste, which 
IS Irozea in a container aurfounded with carbon dioxide snow The 
mass IS pulverized and rapidly dried in tecuo The resulting dry powder 
IS standardised by the method devised by Dr Harris, and stored in taeif 
in the Cold One dose is even daily over a period of ten days or more, 
the early doses increasing m unilage up to a maximum £aeb package 
eonlains vaccine and apparatus for the adminislratioR of one complete 
treatment consisting of 10 tubes of rabies vaccine (Hams), sealed in a 
vacuum and numbered consecutively, !0 vials containing phyjiologieal 
solution of sodium chloride for preparing the vaccine solution, and a 
Luer syringe with needle 


Hixson Laboratories, Inc, Johnstown, Ohio 

/iatiej ('ofeine (liirton) —A" -• * ■* “r *■> 

the general met * r ’ 

ralhits killed tfi • . , , . 

t per cent pheni • • • • , • ■ 

pasted through a . • . • , . • 

incubated at 37 i • • 

equal volume of • • ’ ' , , a 

product Contains 4 per cent «l brain substance, 0 5 per cent of phenol, ana 
OSS per cent of sodium chloride Marketed in packages of seven viali 
each containing 2 cc , in packages of fourteen vials each containing 2 > 

and 10 packages pt -•»— • — •• • ' 

of a syringe or < ... . ■ ■ _ 

(ram (outteen to ■ • • ■ 

For biles about t ■ ... ” 

days followed by one dose daily for from seven to fourteen cays 
according to the lereiity of the bite 

Jensen Salsbery Laboratories, Inc , Kansas City, Mo 

Rabiei Vaceme (Human) Phenol fCiifed— The virus is prepared 
according to the general method of David Semple The brain and cor 
removed from a rabbit paralyzed on the sixth seventh of eighth aay 
following a suhdural inoculation of fixed virus rabies, are tested tc 
sterility before emulsifying then reduced to a fine sus^nsion by snaijing 
in a sterile bottle containing beads The virus is killed by vaspevAw 
the brain and cord substance m a sterile I per cent phenol salme solutio 
in proportion of 4 per cent brain substance This resulting suspense 
IS kept at 37 C for 24 hours finally it is diluted with an equal 
of sterile physiological solution of sodium chloride so that the PJ° 
as sold contains brain substance, 2 per cent and phenol, 0 5 per e 
Marketed m packages containing 14 vials and a syringe and m rac“«” 
containing 21 vials and a syringe The content of vial 1 and oi via - 
administered on the first day of treatroent allowing 4 to 6 hour 
the other doses are administered in sequence at 24 hour intervals 
the treatment is completed 
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Lcikrle Laboralorjes, Inc . Pearl Rj»er, X Y 

i’aceinf-Ledettf fStmj-lt anti'abic vjcfmj prt- 

1? rsneraJ nrtbod «{ Oa\»a (pb nol k llrd) 

*'‘""1 «« «’«*» Of .iiv tiUT ;nMuiaU..n 

Sf' Sround m a IVI n >») lor (out das, wiifa 
phTSiolosiciJ toluiion of wdiMti chl>r>de c/>r'aiflinK J per cent rftffoi lo 
yteij 8 I>er «nv infp^rtsion of fram sal-t-ticc The mixture j. 

-9 <'»<«"•» hauM a-xl ihxT, .liloted wnb an equal 

eolaioe of pftysio'osicaJ aoJuinM, of lodum cb'oeiile ,u that the fim-h'J 
Freparation contain, 4 per cent dJ brain sabsuw' anJ d S pfr cent I 
Marketed in paeVaies of Foucteen i.rin*., eaift contain I'ti ^ 
^ rpe content of a sjems* i, a><m-ns«te,e4 rt»iU nsrt a Jtr' -i of io ii 
•een day* ' 

Eli Lilly & Co, Indianar>t>5>» 

, Artiira^ic Frf.tpliie Treat wtt (Htrrtt Modifiralu>’i> — Sterile 

^aiiij and jjitval cord, of rabbit, feilH*. mef compkie i>ara!v,t, <5 OTi 
ralifj fixed sirti, infection are pdlsm/eii d'ltirg rringeraijon with 
snow and then rapidf, dr«l m .j.uo oier solpbunc 
?'“* »*,uWint dry j^iveder i« standardtecd hr the method deeiseJ 

^ Ifarrts, ted itortd iti vasuo in the foM <*ne do‘e i* giscn duly 
* period of fourteen day,, the earlier doae, incressicg in u/iitjge 
tip 10 a BijxiiBum Supplied as a iu«pen,-on ei Mwdered 'iru» w eterJe 
X... j" ^ ” ayrinjej ready for u« A parVage cPniaitiiug the first 
wrn dose* is ,eot from the neattat 1 dly depot fv f7p) . a lecood pack 
the l4if reveo dose, fteiWy prepared ii sent cut from 
toe jionie o*See la Jitne to insure toniiflutru* treatrsmt 

ifidtcal Arts Laboratory, itic , Olslahoma City, OUa 
. .rf*(»r4tie (Vesne, ^etnefe Jfeihod— An anorahic xaeeme prepared 
*Wbrd.«f to tie wneral aieti^ ot Oastd Semple (pbeneJ Mledj ft 
of a ptenfe auspension, m distilled water, of tie brain and cord 
•UMUnce of ralbita laoribond fn-m the injection of filed Ttrus tablet 
/ hfr'roi It iiiled fir the use o« pheoot ai.d by meubauan at i7 C. far 
’utfy-eiMt hernrs Tee drijhed product contain* <? S per tent of pbenoJ 
awveted in pacispes of fourteen siaJs, each containitg 2 in pack- 
»»« of (ountt-n euU each cootjimne I cv. and » syTsoet. in paekaie* 
« fourteen syritiges each eootainin< 2 « AH of tbe dose* are of tie 
»»»« poieney; one dose is to 6< given daily over a period of fourteen 
o*y». In lerere cater, iwo doses are gt«e» daily For teetral day* 
ilujford Biolosical Laboraforics, Sharp & Dohme, Pisila- 
uciphia and Biftimore. 

Ralnej f'errsne (Phraoi Kulei! Hotferi —Tbe *iru» is prepared accord 
t't to tbe yeneraJ pietbod of I>*»»d Semple It coh'isIS of a tten/e 
‘Vi'sp^jiao jJij beam tissue of rabbit, monbnnd from the njettion oS 
'irtuent fi^ed strains of rabiej Tbe etriis i, k>f<e4 by ibe use of pheool 
■nd ^ tnCubaUcn at 27 5 C for twenty tout beor, Jtarheted lo packages 
IJi <a«b dose tonfistiag of i <e , lontamed la a sjnnge Ad 

oe doses are of lie tame potetscy, one dose is to be giren daily over a 
eriod of fouruen day*. 

ITte National Drug Co, Phifadciphia 

RaUti f'acciiw ffuniun (Semple Jf/rAadV —Aii antirabie raeciae pre 
ired accocijing to tie general raelbod of (favid Semple (pbeool killed) 
be brains jnd spioaJ cords of Vil'ed on tiic sixlb or serentb 

'» after inoculation with fiairf wm* rabie* ace ground with phylio 
Pial soluiieo of sodium chloride eonuiDing 1 per cent of pbeaci to 
lid an 8 per suspension of brain substanee Tbe ouaforc is locn 
led at J5 C. lor twenty (our boars and then dilated with an equal 
amt e,{ physiolngicaj jointion of sodioiS eblocide *» tbat tbe fenished 
iduft reprewnts a 4 per Cent emolsioa Biarlieted in sets of two packages, 
nest tontaming four 2 tc. ruJs and lie second toolainiDg ten 2 <c 
'» All lie doses are of tbe same potent, iwe dose Is to be giren 
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Parke. Davis &. Co, Detroit 

Rahft ('aeanf (Cumntt»o} —The i« prepared b/ diilyxitir a 

1 per cent ampetiiion of train tmtie* (from a rabbit djinj of raoiei 
ttiiloceiJ by an infection of f*ed vieu«) aitainit running water until the 
actfcc rifuJent cirue le d-*trOyeiI The treatment It divided mte t»j 
claiies mill requirinit J4 dost! tevere requinnjr 21 do»e» One dose 

2 ce. IS Riven diilji over a iwrioO of either 14 of 21 days Each 

(Cut 4{0) consists of seven ayrince containers of 2 cc etch (1 dose) 

Pasteur Institute of St Louts, St Louis 

.dfltirshie f'lrar fS'emel/^ — An ontirabie vaccine prepared according to 
the Renetal method of X>avid Senple (phetiol killed) It consists of a 
sterile luspetision of the brain tissue of rabbits moriUtnd from tbeinjec 
tion of a virutenl Card strain of rabies The virus Is killed hr the use 
of phenol and by incubation at 27 S C for twenty four hours Marketed 
■ n packiRes of fourteen doses each dose conusiinj of 2 cc-, contained m 
an ampule All the do«ea are of the same potency, one dose i* to he 
given daily over a period of fourteen days 


E R Sfluibb A Sons Ntw York 

Patlttir AnUrabie loenne— The virus is prepared according to the 
method of the U S Public Health Service An amount of the dn^ cord 
luffcient for one dose is suspended in a tnltture of 66 J5 Per cent jlyeenn 
and 331i ^tif physiotogiea) toluiion of lodiun chloride The 
mmt reeiaista of twenty-one daily treaiisents. each Jn an aaeptic, scaled 
ampule, with syringe 

J7o6ie> rofcine (Sem^l* ilnM) Squibb An antirabie 
pared according to ihe general method of David Semple (phenol fciihtdl 
The brains of ralhiis killed on the siatb day after inoeulation with naed 
virus rabies are ground m a ball mill with physiotoRicat solution of 
so liom chloride eontaininc • Per cent of phenol to yield a 10 f*f cent 
suiXtrsion "f brain substance Tlic mixture is incubated at J* (-» l"} 
twenty four hours and thert diluted with an enual volume of pnyiiolWMi 
solution of sodium ehloride so that the fimsoed product contains a t*' 
cent of brain substance Marketed in patkaset of fourteen syrins** 
each containing 2 cc. The content of a syringe is administered oaity 
over a periol of fourteen days 


TcrreJla Laboratories, Fori Worth Texas 

/fobiM Porcine fPhmobt<'i) —An antirabie vaccine prepared a 
to ihe eenersl method of David Semple (phenol killed) The brain a-- 
cord ot rabbits killed alter inoculation with fited virus rabies are 
in a mortar with distilled svater contiining 2 per cent of phenol W T'ci'J 
a bper cent emulsion of the fixed virus The emulsion is '"''’hated at 
27 C for forty eight hours and then diluted with distilled waiter 
the finished • ' * . 

and 0 5 per ■ * ■ . • ' ' 

containing . ... ■ ■ 

2 cc. The 

fourteen to ■ • ■ ' 

lacerated wc • • • ■ , 

hate occnrrf ■ . ■ . s 

given daily ■ • 

iinisbed 

United States Standard Products Company, Woodworth, Wis 

Kobiea r Offine V S S P (StmPle Mttboi) —An antirabie rawn* 

^ 011 according to the ecReral method of David Semple 
The brains of «bbJJa J.)Jled aSter inoCBUnon with 
rabies are placed in a beetle containing beads and I per cent p‘ . 
solution The bottle is thoroughly shaken the resultant emulsion ^ 
through a lOO roe,h screen and sumcienl 1 per c nt i'wo 

added to yield an 8 per cent suspension of brain substance ^e em ‘s 
IS incubated at 37 C for twenty four hours and then diluted wita 
equal volume of physiological sointion of sodium ehiornie so ‘ 
finished product contains 4 per cent of brain substance m u a P'> 
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tmgM «'>> containing 
.,<h crmiaining Din 


TOX!N-A>T1TOX1*- MlXltiRE 

DIPHTHEEJA 

asainst diphtheria »s Jn than by the 5atter atone 

diphtheria toxm and diphtUcm anm period of 

The immunity docs not smxture ts not apph- 

time hat eJapsed and for *J'*- the disease, m which 

cable m the presence of an of antitoxin alone, 

case it is better to use an L S S greatest field of use- 

The toxm-antitoxin mixture h^s » fc children’s homes 

fulness m the * tchil ag«. sohoolch^ren 

and asylums, of ^ ‘ \ontact with diphtheria Three 

and of those who often 'O"’' ”^jn a week apart and this 
dosM of 1 cc. each " f aSroximately ®| 

suffices to jt perffmed about si* months later 

the instances A Schick trs' J^ j, ,j needed . 

determines whether c Public Health Service fo 

The requirements of »he U b „ be star « 

diphtheria toxin-antitoxm j each human dose aod the 

an'd labeled to show the m each human dose 

number of L+ doses antitoxin that five hu 

The toxin must be so f ’ p e.iher acutely or r<^m 

doses will cause death m a R j^ould not cause death acutely, 
. .. ..u.t. human dose snou~ s 


i pro 


paralysis, while one °fom paralysis 

Lt should kill .eu'"'® " Jntuoxm mixture 

The antitoxin used m «be toxiu an 
duced from the horse, goat or siieqi 
Cutter Laboratory. Berkeley, a ‘ 

<J{ the mixture rtptewnW 0 J L+ ^ prepved Irom th 
wuh the lequired asouii' « » „g„ntias ' 


le coropltU 


,'Ae''Ma?heieU 




tteulfiUxed wilh the 1 « 

- • - • 1 pacVasei of * ' 

rr. naeVase* < 


complete 


with the proliet . „,u 

MirVeted m pacVagei oJ wx« 

imTOutiitalion: and in p»eSs* Marietta, fa 

-Tht GilUmd ,1 


-Th, G.lUmii caIior..«.«- ■•- • ,, L+-E*? •“i'-lirSSri 
Diffilheeia ^*•*”‘'2^"**'*/’^ Bhtf>er»» »»«> of 3 ampule*. 

repf<«nt« 01 I.4- dote *f,„ Uarkeied *" each ampu'' 

amount ot d.phlbena «»««**" package* of 30 ‘"'P,'*'" g, contaming 
each ampule of 3 *ee>ns«. '» 4,; . 20 « and 30 cc 

TT^TA m ampule* p^^l'ro ver, N Y 

0 I lethal dose of d.phtkeoa 
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of diphtheria antitoxin Marketed in packages of three vials each con 
taming 1 ce , in packages of thirty vials each containing 1 cc also in 
vials containing 30 cc , also in packages of three syringes representing 
one complete imtnunuation 

Diphtherta Toxtn Antitoxin Jfirtar^, 0 { L+ (Coat) —A mixture con 
taming 0 1 L+ dose of diphtheria toxin per cubic centimeter neutral zed 
with the required amount of diphtheria antitoxin obtained from goats 
Marketed in packages of three vials, representing one complete immumza 
tion, in packages of three s/ringes representing one complete immuniza 
tion m packages of thirty vials representing ten complete immunizations 
and m packages of one 30 cc vial, representing ten complete immunizat ons 

Bit Lilly & Co , Indianapolis 

Diphtheria Toxit^AnMoxtn Mixture 0 I L+ —Each cubic centimeter 
contains 0 1 L+ dose of diphtheria toxin neutralized with the required 
amount of sheep diphtheria antitoxin Marketed in packages of three 1 cc 
vials (V915}, in packages of one 30 cc vial (V919), in packages of 
ten vials, each containing a complete immunization treatment (V917) 


Mulford Biological Laboratories, Sharp &, Dohme, Phila 
delphia and Baltimore 

Diphtheria Toxin Anlitoxtn Mixture, New Formula (Park BanJ aft 
0 1 1 .+) — Each cubie centimeter of the mixture constitutes a single dose 
containing 0 1 lethal dose (1/10 L+) of toxin properly neutralized wm 
the necessary amount of diphtheria antitoxin marketed in packages ot 
three 1 cc vials (M 72 25S) representing one immunizing treatment in 
packages of thirty I cc. vials (M 72 2$i) representing ten immunizing 
treatments also m packages of one 30 cc vial fjlf 72 7i) representing 
ten immunizing treatments of three doses each also marketed in packai^s 
of one 10 ec vial (M 72 021) representing three immunizing treatments 


The National Drug Co, Philadelphia 

Diphtheria Toxin^Antitoxin Mixture (DtpMhena Prapkyhetie) 
cubic centimeter represents 0 1 L+ dose of diphtheria toxin neutralizea 
with the required amount of antitoxin produced from goats marketea in 
packages of three 1 ee vials one immunization in packages of one li ec 
vial five immunizations in packages of one 30 ce sial ten •mmuniza 
tions in packages of ibirty I cc vials ten imm inizations, and m pacx 
ages of one hundred and fifty 1 ec vials fifty immunizat ons 


Farke Davis &. Co, Detroit 
Diphtheria Toxin-Antiloxin Mixture 
Each cubic centimeter of the mixturi 
toxin neutralized with the requirec 
goats Marketed in packages of 3 
representing one immunizing treatn 
taming 30 cc (Bio 69) also narlce 
each containing 1 ec representing 


0 t L-} Diphtheria 


E R Squibb & Sons New York 


7,1. —facb 


*' New Formula) (hheep) i 

■ dose of diphtheria toxin neutral 

titoxin obtained from the sheep 

• • each ampule containing 1 cc 

speclively 10 and 30 cc 

United States Standard Products Company, Woodworth Wis 
Diphtheria Toxin Antitoxin Mixture 0 1 i+ — Each cubic 
of the mixture constitutes a single dose of d phthena toxm '-di 

with the proper amount of antitoxin and preserved with u 3 per ‘ 
phenol Marketed in packages of 3 xials each conta ning 1 cc i PJ 
ages of 30 vials each containing i cc also in packages oi l 
taming 30 cc 
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DtrhthcrMi TcxinA'iUtaxin W*^**,". .t 

tmlimeKr «ensiitut«s a unde „ m pack 

At proper amo^nl of Mt.to.rn pn>do«a fr.^ o ‘oe vafcpn 

*RCS of three vtal», each coniamin* I cc ,^„ff„,„7 ru cc 
taimnc 10 cc and in packas«» t"*® '*®‘ fo*"**""'* 

OipLerio Tos^^-AniUoan iMure el 1 + -V-.phrhif.V^ocm "utraT 
Lach euhie centimeter Mooted from «h*ep hfarVeted 

tied with the proper amount of antitomn pfMo‘-r‘J ,,jj 

m piiiign of three oiali. rath conia«ntnB 1 33 cc and m 

conlaining 10 ce , m picksges of one viat conta.ni a 
pickagej of ilutlj ■vials, each cotitanimg * ec 

TUBl-Bt-UJ l^!> 

Many diEerent methods hate /lir'dias- 

lubercle bacillus suhstanas which H'lSlit , These have 
nosis. treatment or prophylaxis of Se 

been, in general, called V oT,s 

prominent are enumerated here For k each 

lubertulm is aln’ost exclusively e"iploy^ whether there «s 
kubercuhn has its advocates, hut it , various for^s 

any essential diflerencc ^3! m tuberculins prepared 

laboratory number o{ the order to avoid a 

panied by a reduction 

severe reaction. The plan ol i.jw enough to 

gradual increase m dose, Keci'mc . „ j.^f. ,^15 reason. 

•he atlns '.^ iCTUastator, and pulse »' 

.accurate record must be kept of me I ^5^,^ change m 
frequent intervals during dw da), a ,njmumty to tuberculin 
subjective or objective immunity to tuber- 

acquired by this jnCTcasing dosasc , treatment claim 

culosis; but Ibe advocates ol V”® improvement The 

that u Irequeully is ,touW be carried out as well 

usual hygienic-dietetic *"”*“"' * J,,y h,.tory ol the use of 
Denser front Tubertulms „^that it is a dangerous 

tuberculin is full of instances . ^l anre of a severe rcac- 
substance The great risk Iim m t diagnosis 

kion. and every the patient's susceptibility 

and in treatment, not *«> varies enormously in 

to the tuberculin This ^aces of the treatment, 

different individuals and at dd^ disease The use 

entirely out of relation to lh« knowledge and expe- 

of tuberculin, therefore, reqoiro *P* 

rience. . 

TUBERCULIH-KOCH.— 

Tuberculin — Concentrated Tn^^im gijcefin bouillon 

—Koch’s original tubcrculm « ^*^.„,v,fattng to onc-tenth the 
cultures of tbe tubercle »- one hour, and filter- 

origmal volume, sterihwog at 100 t- 
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ing through a Berkefcld filter It js a deaf brown syrupy 
liquid, with a high content of glycerin and a characteristic odor 
Actions and Uses— Tor diagnosis, old tuberculin may be used 
by hypodermic injection to show a reaction at the site of 
application (local), at the site of suspected disease (focal), or 
generally (constitutional) If positive, the tuberculin reaction 
merely indicates that the patient has at some time been infected 
with tuberculosis and not necessarily that he has clinical tuber- 
culosis In many advanced or acute cases of tuberculosis, the 
patients do not react, so that the result of a tuberculin test is 
never absolute but always must be judged m the light of other 
findings The occurrence of a focal reaction is good presump- 
tive evidence of an active lesion 
For children, the Cutaneous test has been cbicdy used This 
IS performed by abrading the cleansed skin of the forearm in 
two places, 2 inches (5 08 cm) apart, through a drop of 
undiluted old tuberculin at each site, another Similar abrasion 
IS used as a control between the two. the two drops of tuber 
ate off afUt ten TmnMtts, aWa’wms 

tuberculin to touch the control site The reaction consists m a 
zone of redness, usually witli a papule at the point of each 
tuberculin application, markedly larger than that at the control 
site This reaction reaches its height in frerfl twenty four to 
forty eight hours After infancy an increasing proportion o! 
those who react arc found to be free from clinical tuberculosis 
The subcutaneous test is used more frequently on adults A 
two hour temperature chart should be kept for two days pre 
ceding and two days following each injection To an adult in 
good condition, 0 0002 cc may be given as the initial dose, and’ 
if there is no reaction 0001 cc and then 0 005 cc may be tried 
The doses should be given at least three days apart, and if 
there is the slightest suggestion of a reaction m temperature 
or symptoms, the dose should be repeated, not increased 
Children and weak patients should receive smaller doses, but 
no very weak patient or one with a fever should be subjected 
to the danger of a subcutaneous test A rise of temperature of 
1 degree Fahrenheit may be taken as a reaction especially n 
accompanied by changes at the site of the disease This reac 
tion means, just as with the cutaneous test, only infection and 
not necessarily clinical tuberculosis, and owing to the danger 
of large doses, patients may fail to react because, though sensi 
tive to tuberculin, they are not sensitive to doses small cnoug i 
to be used safely . 

For treatment, from 000000001 to 0 000001 cc ^ay 
as the initial dose, and not more than two doses a week sno 
be given. 


Cutter Laboratory, Berkeley, Calif 
TubertuUn for the Cutaneous Reaction (P>r<i^et t 
in packages containing three capillaty tubes 


jjfflffionJ — Marketed 
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TuW'cuUn Old (Tvlereutm O Tf’ — PrepaTtd ftotn strains of the 
human typ« Mafhetrd in t ce *>aJs of conceotrattd tuberculin; alw m 
semi dilutions, rangins lt«>m 001 to 100 mg per cubic centimeter 
TubercKlin O T. Bavixt — Prepared frtun strains of the bovine type, 
marketed in I cc. eiaU 


The Gilliland Laboraiortes, Inc, Marietta, Pa. 

/RtfanraKeoHs Tutfrcubn for the hfanteer Test —Marketed in pack 
ases fit one 1 cc rial contamanr diluted tubcreulia sufficient for ten 
tests Each dose of 0 1 cc represrats 00081 Ota. of tuberculin. 

Ortpvnal TH&ercaiie, "O T Marketed tn 1 cc and J cc vi»)s, 
TebercvliH "O T." (Old T^icrcHtu*; — Marketed in paekacea eontam- 
intt a stated amount fit tuberculin with 10 cc of dilacnf. so that 1 cc. 
represents no i pilulinn (each cubic centimeter cquaU 0 01 mg); 
no Z dilution (each «uS»c ceimmeier equals 0 1 mg), no 3 dilution 
(each cubic eentimeier equals 10 mg), no. S pdution leach cubic eenti 
meter equals JOO mg ) Supplied only on orders direct from taboraiories 
Tubt>euh» Oinlmynt •» Copsnfer (for the Moro Pereotaneout Dtaj- 
nostic Test) —An ointment consisting of toberculin “old" and anhy- 
drous wool fat equal parts Marketed in capsules sufficient for one test 
Pirgaet Test— Old tuberculin in capillary tubes, each sufficient for ore 
test Marketed in packages of one, fire and ten tubes, slso in ampules 
nf 1 cc and 3 CC. 


LeeJerJq LaboMtones, It'C , Peart Rivtr, N Y 
/ntraruMiirpHs r»brrca/i<« for the J/antouc Test — .Msiketed tn pack 
ages of one rial corKaining tuberculio 'O T ' arromp^ird by a vial 
eonlaining phyiioltgical souiiwm of wdiuto chlOfnJ* sufficient la make 
1 cc,, wbea tniMd, (he content «f the two vials represents 0 001 Om o( 
tubercuiin 


TehereuUn Subeteneoat Ttif ("T 0 — Miikfied in vials contain 

mg 1 ee. 

TaSermfiit Pie^urt Tm (‘ T 0">— Old tuberculin marketed in 
pavkages tontaining three lullspsible wsa lubes and three acanfitrs. m 
packages costaining ten capillary tubes sod in packages conlsming twenty- 
nre capillary tubes 

Tubfreehn 'O T" (OH ruftrrcu/ini — Matkeled ift packages con* 
taming a aisled amount of tiibertulia niih sufficient diluent to make 
l cc , as fellows Dilution A. cootsimnc 0 1 ee . Dilution D, Mouin- 
iTig 001 ce , Dilution C. conrainiiig 8001 c« . Dibitisn D, ronUiniBC 
OCOOl <« . Dilution E. coniainme OOOOdl ce . and Uilulion F. contain 
ng 0 OOOOOl tr 


Lit Lilly & Cc. indiaiupolii. 

/'iravfl r»it —Old tuberculin Durheted m packages of three raBiilary 
tubes IV S'!!), each tube conuining sufficient mattrisl for one test, 
ToUmUo, 0\r,tm*r>t far IV Jlforo PtrtntaMOHi Fcrf —Marketed in 
coiiapsible tubes IV ao3), containing 2 Cm. oi an otniment consuime of 
equal parts of tuliercuiio ' sod anhydrous wool tae 

OH ruhernn/jn, Wsman Strtin, Cancpnlrated —Marketed in I cc. vials 
<\ 810) for waking dilutions lor tberapeuue 8»c or (or making the sub- 
lutaneoui diagnortic lest E»tb eobie centiineter rqvsls J Cm. of 
luoerrulia Also markeied in fackages of two vials, pne contaimng a 
• • ' ■ • • I Ticienl d.luenl to make i et 

•> “• . .’814). DJiilimt a. corlam 

. , 8001 cc. (V816), Ditution 

. • K, cmtuimng OCOtOl cc 

• . . ce. CV.SD) 

Mulfonl ntoloRtcal Labonttorieg. Sharp L Dohnic, Thila- 
<Wphia and Raltimorc 

T.breeur.n ‘OIP’ iO D— Marketed in packages of I cc. v.al. 
fkf Ziamy. alf.v in serial dihllions fa fire mts ol g cc, <a:ti. the first 
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(M iSI 027) conuming 0 001 mg m each 2 mimms. and each succeeding 
dilution (K{ 231 027 to it 235 027, inclusive) being ten times stronger 
than the preceding * 

Dosage — Two minims 

Pirqvet Test fo* Tuhemif<uir~01d tuberculin laarketed in capillary 

lit 227 Of?) and ten fit 227 048) tubes each tube containing old tuber 
culm aufncient for one test together with packages containing an eoual 
number ot tubes of concentrated glycerin bouillon for use as a control 
Pirquet Test for Tubernlosis (Dovtne Tyfe ) — Old tuberculin (bovine 
type) marketed in capillary tubes, put up m packages, respectively, of 
one tube (M 228 046), three lubes (M 228 047), and ten tubes 
(M 228 048) a corresponding number of tubes containing concentrated 
glyeenn bouillon for use as a control is included in each package 

~ e ) — Marketed in single pack 
* • inge containing tuberculin old 

O . ^ • ‘Of sodium chloride, 0 05 cc . 

P ' mat syringes each containing 

t“ber j ^ /siological solution of sodium 

chloride, 0 05 cc , also in packages of one 3 cc vial (M 331 028) Con 
taming tuberculin old (human type) tufRcient for SO tests 


* 7yfe) — Marketed in single pack 
tyringt containing tuberculin old 
physiological solution of sodium 
2 0Sl) of five Jntradermal syringes 
• (bonne type), 0 2 tng in physio- 
•Sso IS paeJ^es of one 3 ce vial 
(bovine type) sufficient for SO testa 


The National Drug Co, Philadelphia 


Tuberculin Inira^utoneous for ilfoiitouy T/at —Marketed in packages 
of one intradermal syringe (single test) containing 0 1 cc of ■ 1 in 1,000 
dilution of old tuberculin (O T ), wiib a vial of glycerin bouillon for 
control m packages of two miraderma) syringes (double test), one con 
taming 0 1. cc ot a I in 1 000 dilution of old tuberculin (0 T) with 
vial of glycerin bouillon for control and tbe other containing df cc of 
a I in 100 dilution of old tulerculm (O T) with vial of glycerin 
bouillon for control m packages of one 1 cc ampule containing suifieient 
intradcrmal tuberculin solution for ten single tests in packages of two 
I cc ampules containing sufficient iniradermal tuberculin solution for ten 
double tests lo paejeages of one 5 CC ampule containing sufficient mira ^ 
dermal tuberculin solution for fifty single tests and m package* o* f"® 

5 cc ampules containing sufficient iniradermal tuberculin solution for 
fifty double tests 

Tuberetthn Old (Wuniirn) —Marketed m single 1 cc viai package*, 
each cubic centimeter representinc I Gm tuberculin Koch, also in 
packages of one 4 cc vial each cubic centimeter representing 0 25 titn. 
tuberculin Koch to be used in tbe preparation of dilute tuberculin lor 
either intradermaf test or therapeutic use 

I’on Pirauit Test for Ttsberculosts — Old tuberculin marketed w pa'k 
age* of one, three and ten capillary tubes, capillary tubes containing 
glyeenn bouillon for control are included m each package 


ParVe, Davis &. Co , Detroit 

Tubrrnifm 'Old' (Koch) —Marketed in 1 ce bulbs (Bio 491) 
Tuberculin for the Ophthalmo-Reaetton. — Prepared by 
centrated tuberculin with alrobof Each dislr contains 3 3 ns ot 
culm, which, when dissolved in 0 3 cc (5 minims) of ...i, 

I per cent solution, marketed in tubes containing twelve disks eacn 


fBio 460) . . 

Tubrreiifin (Old) and Controf for the Firguet Test —Marketed m pat 
.,i, (bTsW cSnf.n.ns three' reeled ,1.., iet«, ot ' V,'"? 

t,,L l-ontainme tuberculin sufficient £w one test and three tubes oi 
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NEW_TUBERCULIN-T. R. — Tuberculinum Novum 
~ " — TubercuJin Residue — 

rom living dried tubercle 
Sion in water and cen- 
iinmg extractives, is dis- 
carded and the sediment reground, suspended in a little water 
and recentnfuged. The fluid is kept this time, while the sedi- 
ment is reground, suspend and centriiugcd as before. This 
is repeated until practically no scdiiuent remains, when all the 
fluid portioHS which have been set aside are combined and 
diluted with 20 per cent glycerin solution to make the final 
(standard) product contain the residue of 10 mg of dried 
tubercle bacilli in each cubic centimeter of fluid 
New tuberculin is an uncolored, slightly opalescent liquid. It 
is used Occasionally in the treatment of tuberculosis 
Mulford Biological Laboratories, Sharp & Dohme. Phila- 
delphia and Baltimore 

T. Mjfkeifd in «eri4] dilution* of »ix sra^u*'«<l 
(trencih* {ili9t.g2r «o M196 91T, inclutm) 


NEW TUBERCULIN. B. E — Tuberculinum Novum 
B. E.— Baailienemulsion. Koch— Bacilli Emulsion— Bacilli 
emulsion is practically a bacterial vaccine. It is made by sus- 
pending one part of pulvensed tubercle bacilli in 100 parts of 
distilled water and 1<*0 parts ot gljcerin. This mixiare stands 
one day and is then decanted from the grosser particles which 
have settled One cubic centimeter thus corresponds to S mg 
oi tubercle bacilli. 

it is a white, fairly pertnanent emulsion, but should be 
shaken thoroughly before nuking dilutions. New tuberculin. 
13 E, IS used in the therapeutics of tuberculosis probably more 
frequently than any other tubercle preparation 


T he Gilliland Laboratories. Inc . Marietta, Pa 
Panlli% Tnbtrnfin, 'D £ Markrlfd in . 

j1i Anipulf* coniainm* JC 

II E are *opplieJ on «pe • .1 • 

a tuple proa^cl • ■ 

it/iC crrilinieler ciiuli OOD} . • 

iuji< 0 01 me I. no 3 IMuc 
0 * Dili.t)on (lAtli cubic c • I 

ueb cul ic centimeter riiue)« • 
eirr et]ualt 100 at( I 


1 oicrle I aboratoncs. Inc, Pearl River, N V 


Mke I cc., «e {oltoo* Uilulio; 
A >1 conU.sing Ofil re. Uitulion C. cun'* 
nuinin* 0 WOl re. Uatulxm h. conuitii, 
, fontainm* OeOMOl m 


Miilford Iliok'gical I.atiorait)ne$. iharp & Dohme, riiila- 
dclpliia and iSaltiinorc 

— SUikc^ tn t.2ckAgc« of I cc. ell?* 
• (UiTl w incIutiYC) 


itHU). liio in lecul {««} 
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PnrKe, Davjs &. Company, Detroit 

Tubfrculin D E froiiffnfMlfrf; —Dacjllui emulsion marketed in Wbs 
containing I mg ot dry tubercle aolids per cubic centimeter (Bu) 470) 

NEW TUBERCULIN B. E DRIED —TuberctilinuJU 
Novum B E Siccum— A solution of this is practically a 
bacterial vaccine Tiie bacteria are dried, ground for se^era1 
months m a ball mill, the finely disintegrated bacillary bodies 
arc mixed \M(h a suitable base, similar to that employed for 
an ordinary hypodermic tablet The diluent is adjusted so that 
each tablet represents a definite amount of new tuberculin 
D E dried 

I’irke Davis Company, Detroit 

Toblett Tubtreulin B C T D & Ci>— Msrketed in viill no 1 
iDio 474} of ICD tablet] each tablet coniainine 0 0001 tng new tuber 

culm IJ E dried in viata no 2 (Oto 47S) ot ten tablets each tablet 

containiT B 0 001 mg new tuberculin II E. dried in vial* no 3 {B o 
476) of ten tablet], each tablet containing 0 01 mg new tuberculin 
D F dried in vtali no 4 </t«o 477) of ten tablet* each table* con 

taming 0 1 mg new tutercuhn It E dried m MaU no 5 (Bia 47S) 

ot ten tablets each tablet eonUinmc I mg new tubereui n U £ dried 
also marketed m psekages (liio 47J) of 5 vials no* 1, 2 3 4 and J 


NEW TUBERCULIN T R DRIED —Tuberculinum 
Novum T R Siccum — Tuberculin Residue (Dried)— The 
mass culture of tubercle bacteria is washed repeatedly, agitated 
again in viater, washed ground to complete disintegration 
extracted repeatedly with water, and die water insoluble mater 
lal, instead of being ground to form a suspension in water as 
in the case of the new tuberculin T R liquid la dried The 
dried sediment is thoroughly mixed with a suitable diluent 
Similar to that used for hypodermic tablets so that each tablet 
represents a definite amount of the dry tubercle bacilli 


Pari e Davis & Company Detroit 

Tabifts Tubercvrin T R P D & C«— Marketed in vial* oo 1 
(.Bio 504} of ten Uhleta each tablet containing 0 0001 rog new ifher 
culm T 6 dried m vials no 2 fBio SOS) of ten tablets each tablet 
containing 0 001 mg new tuberculin T R dried m vials no 3 (o a 
506) of len tablets each tablet containing 0 01 mg new tubereui n 
T R dried in vial* no 4 (Bio 507} of ten tablets each tablet contain 
ing 0 1 mg new tuberculin T R dried in vials no 5 ^ 

ten tablets each tablet containing 1 mg new tuberculin T R ar_ea 
also marketed m packages (Bto 5PJ) of 5 vials : ’ 

inclusive 


1 2 3 4 and 5 


TUBERCULIN DENYS — Tuberculmum Denys — 
Tuberculme Bouillon Ptltre — Bouillon Filtrate Tuberculin 
This IS prepared like old tuberculin without the piolmgea 
heating and concentration, that is it is simply a glycerin broth 
culture of the tubercle bacillus passed through a 
filter It contains all the soluble products of the growth of the 
tubercle bacillus 


The Cutter Laboratory, Berkeley, Calif 

Tubereui n B F (Bouillon FiftntfcJ —Prepared from strains of 
human type of tubercle bacillus UarLeted in 1 ec vials 
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Tubcreulin B F (Bovint ) — A futerculm I'enyt prepjred wiih bovine 
tiilturta bf liacierium lu)><rru>oti«, pre«ecv«d wt’h cresol, for use m 
ililuiions bnl/ Marlietci] to t ec visli alwt >n terial dilutions 

T5ic GiUiland Laboratories, Inc, Marietta, Pa 

Bovillon ! illralt Tubemlm, '8 ‘ — Prtpsfed from strains of the 

Imman of li}l>errle birillii* Uaetiemi in I cc and i ce vuU 

also in iiscXiges roniaming a ita(e<i afiuuiat of tuberculin wiih ID <<. 
of diloent So that each cohic cencimettr ftprescins no J Dilotioi, 
tcjch cubic Centimeter equala OPOl m$), no 2 Diluiiou liacft cubic 
ceniimelcr e^ual^ 0 01 tna J, no d Dilatii/ii (each cubic cnnnnctir eijujls 
Ot msl; no 4 llilutiun (raifa euW crutinntrc ciiutU ID iuk i , n» S 
Dilution (each eul-ie eenlimMer rqiMia >0 m* J. ho 6 Dikitmi {each 
cubic eentinieler nusls 100 me) Supplieit onir on orders ifirea fti-m 
tatioralceiea i'resrrvnJ with It 4 per cent eticwl 

l^derJe Laboratories, Inc, Pear) Riter. N V 

Tubtfttiliii "B F " fBpnilhit Ftllrale ) — Marketed in sis's coniaiii 
inq I cc . also in joeliages sonuining a elated amount ot fibneuln. 
with lUlficicnt diliirni la make 1 cc. a« loUaon Dilution % cnnianimii 
0 1 ec , Uilution iJ. contaimo* 0 01 cc . DilWMtt C, eontammi: 0 OOJ cc 
Dilution D, tanlaimiic OOOl/i cc , Dilution (v. eoiKamiiiK ODOOOt " . 
and U.luiion 1, onisiriinc OOdOOOl cc 
ParJiC, Davts 8: Co. Deiroil 

Tabrrekfin 8 P fDutme/— A tuherculoi Denss (irepered with bosinr 
cultures bactenum tulicrcMlosia. caiilain>r>K 0 4 per cent of cresol Mai 
keied >n puhifts of mt } ee rubber «(ot>pered cfait (ubrs (Cia fSSi 

TshcreuliK D r ~A lolicreolio Denrs prepared with homjii 

eullurct bacterium lubeieulosis. eofUainmc 04 tier cent of ereiol htar 
kett'l in {lachages of iia t te rubber aioi’pered uiilbt (Ilia 4S0j 


OACTPRIAt TOXIN 

SCARLET FEVER STREPTOCOCCUS TOXIN— 
'flic joxin IS tuet] ivr actne immunieatioit. For fins purpose it 
IS <ii;ccud subcutantuusly at wcckls' mtenals. Ttie amount of 
toxin necessary for imnittnity protliKtton taries uith the incli* 
vitlinl From three to fi»« doses arc oven. bcRinmng with 250 
to 5U) skin test duxes for the first injection aiut increasing the 
.innjiint of toxin in each $uhsei)uci>i iiiiectton linnnmit} to the 
ii*xm airjiejri in a few weeks and is detcrn7in(?d by the reaction 
to the jntrjculaneoiii test 


Die National Orus Co, 1 
Siailtl Ftttr Sttfplnptef 
I’rtj'ared !i» the itiMbol o( 
Holy 21. eapirei I3«) 

(til- Starkeled lU rathsites o 

2onn, SQ'in. 2x01-1 amt so.C 




.uisle e. 

I'arki 

^eatUi Ittrr J/rcr/jeocew Ton* tor Prneolm Im 
f' ]> fr Co - IVerareil bt Ibe in«l>n>t ot l>r» Iliek uti-ler U 
1 S47Sti3 (j'llr 2" t92i, ««r>ic« ttllD b)r Iicente ol the Stj 
" .'fjrketcd in ftcLtgr ‘ - 

Sorjl. I 


A Co. Detroit 

Strrtto, 
epareil b- 




nine R.O)t| akin ( 
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»ng 25,0C0 sVin lest dose* per ec, and two containing 40 000 skin test 
doses per cc , of which 2 cc is used for the fifth «jo«e 

E R Squibb &. Sons New York 

Scarlet Fcter SlreptococcH <" ** - , , 

of Dts Dick under U 5 pat 
by license of the Scarlet Feve * 

five vrafs of toxin containing, 

80000 skin test doses, m package* ot JO vial* of toxin, ten containing 
500 skin lest doses ten containing 2.000 skin test doses, ten containing 
8 000 skin test doses ten containing 25 000 skin test dotes, and ten con 
taming 80,000 skin test doses also marketed m packages of six lO cc 
vtals of toxin containing, respectively, SOO, 2,000, fi.OQO, 2S 000, 40 000 
and 40 000 skin test doses per cubic centimeter 


Modified Bacterial Term 

mPHTHERIA TOXOID— Diphtheria Anatovin— The 
toxin of diphtheria modified by fhe method of Ramon The 
work of Ramon, of Glenny, and of their co workers has shown 
that the toxin of diphtheria may be modified by treatment with 
formaldehjde to reduce its toxicity while preserving its anti- 
genic properties 

Action, Uses and ZPowj/e —Diphtheria toxoid is used for 
active immunization against diphtheria It is administered sub- 
cutaneouslj, preferably at the insertion of the deltoid, m two 
or three doses with an mferval of three or four weeks between 
doses Since some local and general reactions have been 
observed in adults and in children over 8 years of age, an 
intracutaneous test dose of 01 cc of the toxoid diluted with 
salt solution (1 m 20) should be given to determine suscepti 
bility in such persons 


Cutter Laboratory, Berkeley, Calif 

Diplitheria Tosenet Cutter — Prepared from diphtheria toxin whose I- + 
dose IS 0 2 cc or less by Weaiment with 0 J Vo 0 4 per cent fortnaldehyde 
at a temperature of from 37 to 40 C until it* loricil)' is so reJueed that 
injection of five masimtim human dos-» into guinea pigs cause* no local 
or general symptorna of diphiheria poisoning The product U tested lor 
antigenic potency bv inicction into at least ten guinea pigs of one human 
dose each, if at the end of »»* weeks at least 80 per cent of the animals 
survive for ten days the ssijectiosi of five minimum lethal doses of diph 
thena toxin the toxoid •* considered satisfactory It is marketed m 
I aefcages of one immuniraliwv Ireatsnent of three 1 ce vials in packages 
of ten immuniaation treatments of thirty 1 cc vials and in packages of 
one 45 cc vial fifteen immunization treatments 

The Gilliland Laboratories, Inc, Marietta, Pa 

Difltthena ToroirJ CtlUlond — Prepared from diphtheria fotia whose 
L+ dose IS 0 20 cc or less by treatment with {orrna)dehjde it ^ 
perature of from 3S to 41^ C a • * 
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tpsted for antigenic potency by injection subcutaneously of one human 
dose of the to’toid into eaeo el at feast ten guinea pigs weighing between 
270 and 320 Cm , at the end of six weeks the animals are injected sub- 
cutaneously with five tnimmuin lethal doses of a stable diphtheria toxin, 
8o per cent of the animals must survive for ten days For the two dose 
nielhod of treatment the follojvjiig forms are marketed packages of 
One immunization treatment, consisting of two vials, each containing one 
human dose, packages of five innnunization treatments, consisting of 
ten iiaJs, each eontaifling one human dose, packages of ten immuniza 
tion treatments, consisting of one vial containing twenty human doses 
packages of fifteen immunization trcafpienls, consisting of one vial con 
taming thirty human doses, packages of fifteen immunization treatments 
consislJDg of thirty vials, each coniaining one human dose, packages of 
fifty immunization treatments, consistiog of one hundred sjals, each con 
taming one human dove also marluted m packages of five immunization 
treatments, consisting of one vial, containing ten human doses 

Parke, Davis &. Co , Detroit 

Diphtheria T'oz'oid — -Prepaied from diphtheria toxin of which the l-f 
dosc IS 0 JS ce 7he totm is treated with formaldehyde according to me 
viiecificatiens of the U S Fuhlie Ifealtb Service until'it is detoxified so 
that 3 ce (five minimum hums • "* • 

will not produce signs of toxic • • 

by subcutaneous injection of 0 • 

Sit weeks the animats are inje *' 

and the piodiict is considered ■ 

days Diphtheria toxoid P D • 

containing one bulb (0 5 cc > • ■ 

test and two bulbs (0 o and 1 0 cc . respectively) of diphtheria toxoid 
Also marketed in hospital packages (Hio 2103) of one vial containing 
Jfl tc of diphtheria toxoid 

Doifiae — For the reaction test. 0 t cc of dilute diphtheria tovoid 
mtradermatly, for immunization, two doses (0 5 anJ 10 ce ) of the 
diphriena toxoid jubcutaneouslj, H»ih an interval of three or four weeks 
between injections 

£ R Squibb & Sons. New York 

Diphtheria Toroid — Prepared from dighthena toxin by treat 

ment with formaldehyde as pre * v 

tg secure detoxification, which * 

human doses into guinea pigs v ■ 

for antigenic potency by injei . 

human dose each, if at the en 
animals survive for ten days tb 
diphtheria toxin the toxoid is 
Squibb IS standardized to cont 

wnmunization treatment It is marketed iit jsickages of one immunizauou 
treatment containing one 1 cc ampule of diluted diphtheria toxin for the 
reaction test and «wo 1 cc ampules of diphtheria toxoid for treatment 
vn packages of one 30 cc vial of diphtheria toxoid and one 1 cc ampule 
of diluted diphtheria toxtn for the reaction test, and m 
twenty 1 cc ampules of diphthena toxoid and two I cc ampules of diluteo 
diphtheria toxoid for the reaction test 

paclERIAl. VACCINES 

Bacterial vaccines, or bactenns, are suspensions of killed 
bacteria m physiologic solution of sodium chloride, usually with 
the addition of some preservative such as cresol, phenol or 
glycerin 

The therapeutic use of stock bacterial vaccines rests on uncer- 
tain clinical evidence~-the favorable reports should be viewed 
with recognition of the perhaps unconscious bias to wmen 
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BRUCELLA MELITENSIS VACCINE -A bacterial 
vaccine obtained from B meliteiuis (B abortus) 

Actions and Uses — Brucella melilensis vaccine is proposed 
for use in the treatment of undulant fever 
Jensen Salsbcry Laboratories Inc Kansas Cit>, Mo 

VndHlant Feter Dactrrtal Veectne — A beat killed suspens on tn 
physiologic solution of sodium ehloride of Brucella mel tens s var abortus 
(bovine type SO per cent porcine type SO per cent) presersed w th 
0 5 per cent of phenol Each cubic centimeter contains sit I ill on k lied 
organisms The product is prepared by growing Brucella abortus 
organisms on nutrient agar for forty eight hours the growth is washed 
off with physiologic solution of sodium chloride and mainta ned at a 
temperature of dO C for forty minuies The usual sterility tests pre 
scribed by the U S government are made Safety tests are made on 
Ibe sfiJcJc vaeeine by the tnocuiaftoo of nbbits Ao potency teils are 
made Purity of cultures is determined by the study of colony forma 
tion carbohydrate reactions and agglutination test with specific serum 
The product is marketed in packages of sit 2 cc. vials 

Doyage —Initially 0 25 cc repeated daily with increase of 0 25 ce 
unt I 1 ee is given this is continued according to the indications of the 
case After a ma'timum of seven doses las been given 8 period of 
from two to three weeks should be permitted to elapse after nheb 
treatment may be resumed should it be required 

Lederle Laboratories Inc, Pearl River, N Y 

Brucella ItehUnsu Uaeetnt LtietU^BmetUa Abcrluj koceiwf— A 
heat killed suspension of Brucella melitensis organisms (2 000 million per 
cubic centimeter) preserved with OS per cent of phenol The usual 
sterility tests prescribed by tbe U S government are made and m 
addition blood agar streaks are made of the brat killed stock vaccine 
before the addition of phenol Safety tests are made by injecting wn le 
mice with I ce of stock viccitie dilated with three parts of physiofogiea' 
solution of sodium chloride two mice are used for each stock b^tl< 
they are observed for two weeks No potency tests are made Purity of 
cultures is observed by agglutination test with specific antiserums and 
also by fermentation reaction with various sugars The product is 
marketed in packages of one 5 cc vial 

Dosage — The subcutaneous injection at three day intervals of two 
0 25 cc doses two 0 5 cc doses and repeated injections of 1 cc doses 
vnlii in all about 10 cc has been admioistered. 


The National Drug Co Philadelphia 

Vndulant Feter Vaccine — A beat killed suspension of Brucella niel 
tensis organisms (2 000 tmllion per cubic centimeter) preserved wiin 
0 4 per cent of cresol The usual sterility tests prescribed by the U c> 
government are made and in addition blood agar streaks are made ot 
the heat killed stock vaccine before the addition of the cresol batety 
tests are made on the stock vaccine by injecting guinea pigs with t e 
maximum human dose 1 cc No potency tests are made ^ur ry 
cultures is determined by the study of colony formation carbohydra 
reactions and agglutination lest with specific serum The , 

marketed tn pachases of one S ec vial in packages of one IS cc vis 
and m packages of one 30 cc vial , 

Dosage — ^The subcutaneous injection at seven to ten day 
do«s of 0 25 cc 0 5 cc. and 1 cc . respectively is recommended 


CHOLERA VACCINE — Vacemum Cbolerae —Pre 
pared from killed cholera vibrios 
Actions and Uses — Cholera vaccine has been used as a pro- 
phylactic with favorable results reported 
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Ledcrle Laboratories, Pearl Ri\er, N. Y 

Choltra I’accxne (Praphylarne ) — ^tarketed in packages o{ two I cc. 
vials containing, respectively, 4 000 and 8,000 million ViUed cholera 
vibrios, also in packages oi two ID cc vials containing, respectively, 
4,000 and 8,000 miUion killed chdleia vibrios per cubic centimeter 

Eh Lilly & Co, Indianapolis 

Cliolera t'acci'ie, Propfijlaelie — MatVeled m packages of three 1 cc 
vials (V 8bS), one eontainine SOO miOion killed cholera vibrios per cubic 
centim'ter, and the second and Ibird each containing 1,000 milUoii 
killed cholera vibrios per cubic centimeter, in packages of ten 2 5 cc 
vials (V-86S) each containms 1,000 million killed cholera vibrios per 
cubic centimeter 

MtiJford Biological Laboratories, Sltarp & Dolime, Phila- 
delphia and BaUimorc 

Choltra Batitrxn (Chaleta Vaerme ) — Marketed in packages of three 
syringes each, the first containing SOO million killed cholera vibrios, while 
the second and third each contains 1,000 million killed vibrios, also 
maikcted in packages of one 20 cc vial (MISS 4) containing 1,000 mil 
lion killed eholeta vibrios per cubic centimeter 

PLAGUE BACILLUS VACCINE.—Vaccinum Pestls. 
—•Made irom Bocillus pesut 

Actions onrf Uses . — Vaccine has been med for the prevention 
of plague with results that appear to justify its use No prac* 
ttcai application, therefore, has been made of vaccine treatment 
in plague 

Lederte Laboratories, Inc , Pearl River, N Y. 

Ptagut t'8«ifi« (Praphihettr) —Marketed in I cc visli eoniainmp 
S.OOQ miUion killed plague baeilli. also in 10 cc vials contsimng S,000 
million killed plague hacilli per cubic centimeier 

Eh Lilly & Co , Indianapolis 

Plague t'aceiiir. Projhjloeiie — Maik»t»d (for double vaccinations) in 
single immunization packages of two I cc vials (V*8'0) conlamins 
respectively, t 000 and 2,000 million killed plague bacilli per cubic eenti 
ill ter, in packages of ten 1 S cc vials (V874} containing 2,000 million 
killril plague bacilli pet cubic cennmeier. in packages (for single vac 
cinations) of one 23 cc vial tVsrSi containing S.OOO million killed 
I lagiie bacilli per Cubic Centimeter (three inununizations) (Vsrr) in 
packages of three t cc vials, each containing S.OOO million killed plague 
bacilli per cubic centimeter 

MuUord Biological Laboratories, Sharp & Dohme, Phila- 
delphia and Baltimore 

Plague Baclertn — Marketed as follows (t) in packages of one 1 cc 
vial (II 177-IJ — for single ssccinatum), containing S.OOQ million killed 
plague bacilli, (7) in packages of one 10 cc vial (M 177 Id — for ten 
vaccinations), containing S.OOO miUion killed idague bacilli per cubic cen 
limetcr, (3) m "double vaccinatioii'' packages (M 177 17) of two 1 cc 
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STAPHYLOCOCCUS VACCINE —Vaccinum Staphy. 
lococcicuni — Made frofn Stoplwtococcus pyogcucs aufcus, 
from Staphylococcus Pyogenes atbus, or from Slaphyfococctis 
pyogenes cilrctis, or from alt three 
/Actions and Uses — Staphjiococcus vaccine is used in car 
Ijimciilosis, furunculosis, sycosis, and certain cases of acne An 
autogenous vaccine is prefernbfe, 6tit if this cannot he made a 
stock vaccine can be used witli some prospect of success The 
forms of acne most likely to respond arc characterized bj deep 
seated pustules with considerable induration, occurring on the 
/.ice. chest and bick When t/ie lesions arc superficial and 
indolent, the acne bacillus vaccine may give good results 
Abbott Laboratories, North Oucago III 

ce • • • • • 


The Cutter Laboratory Berkeley, Calif 

S/af^j/erfirruj I eenne — A suspension of strains el Slsphylofoecm 
nsresis and olbHS in rliyi'S’l’^Cical aolntion of toitum cMoride containing 
0 $ ror rent phenol coniamtng al>ou( 2 000 million to each cubic centi 
meter Marketed in i cc sial package* 

Dosaje —Trrm 100 million to I 000 million killed baeicria 


The GiUiland Laboratories. Inc, Afarietta, Pa 

Slarhilocieeus I afcme Mlbua end A»r*ns) — A suspension of 
Sietfittocceeiis elbut and Steph\letoee»s eureus in equal proport ons m 
plivsiolflgicil solution of tnd um chloride and preserved with 02 » per 
cent of irikrrsol Marketed in packages of four svringes conia n ng 
re<pcc(ivfljr 250 500 1 OOO and 2 000 million killed bacteria in 1 cC 
also marketed in package* of four ampules containing respcdieeW 2S0 
500 1 000 and 2 000 mill on killed baciena n I ee also <urrlicd m 
bulk packages of 10 cc ampules containing 2 000 million killed bacteria 
per cubic cenlinielcr 


Hollister Sticr I aboratories Spokane, Washington 
Slafhihcoeeiii f ecctne (Aureus and Albus} -^A suspens on of killej 
SlaPhyloroccui aiireu’ aid albui tn equal proportions in pll>siologic»l 
solution of sod um chloride containing OS per cent of cr sol as preserva 
live Sfarketed in packages of one o cc. rial each cubic centimeter con 
tuning I 000 null on killed bacteria in packages of one 20 ce 'iisl each 
cubic ccniimeier containing I OOO mlfiori icitled bacteria 


Lederle Laboratories Inc, Pearl River, N Y 

Slaplnhcoccus I'aceine — Marketed in packages of four gvringes contain 
. . . _ r .. I ^ ^iKyt inO million killed 

. nirexr (2) 

■ taphiCococciis 
I 400 mill on 

20 o"^m'ill'ion^ kflled Slaphyloeofcus eitrens and (4) 600 million kilW 
Slapinlococcus albus 800 million killed Slapfijlacoccvs aureus and 4UU 
million killed Slapfiylaeoeevs etlrens Marketed in packases ot twr viais 
containing respectively (I) JOO mdlwn killed 
million kilted Staphilocoeeus aureus and 50 milliw 

eilTius (2) 2QQ million killed Slaphylaeeecns albus 200 million kiljed 
<:i„rhiloeoecus aureus and 100 million killed Slaphylacoe^s oirtus Ul 
400^n?illion killed Staphylococcus albus 400 million 

aureZ and 200 million killed SrepAibmsccui ettreus and (*> 6P0 milhon 
killed StaphylacoecHs albus 800 nnllum Wled Stathlococcus aure s 
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Stathyltceccus Albut Uain»t — Marketed in packages of one 5 cc vial 
containing 2,000 tnillion killed Staphylacoceui elbni jier cubic centimeter, 
and in {lackages of one 20 <c Kial containing 2,000 tniUiori killed Staphylo 
foecui olbui tier cubic centimeter 

Slaphitaeoceui Au'ftii Vatetnr. PoI>i«/e«l — Marketed m packages of 
one S cc vial containing 2,000 ininion killed Stapkyhc^ccuj curcui per 
cubic centimeter, and m packages of one 20 cc vial containing 2,0i|0 
niillinn killed Slop/iilornccur Oiimit pee cubic centimeter 


Ell Lilly & Co , Indianapoltb 

Vto^JijlofoffiiJ f'arfiii* — Matketeil in single 5 ct vial package* 
<V SgJ) containing 4 000 million killed atsphylococci per cubic cenli 
m'ler and in single 20 cc vial packages <V'564> containing 4,000 million 
killed (taphylucocci per cubic centimeter 
Sl^phytocoeen .fiirfar f'arcine —Marketed in single 5 c« vial pack 
ages (V627) containing 2 000 million killed stasltylscotei per cubic ern 
iimeter and in single 20 cc vial packages (V biS) conijimng 2 000 mil 
lion killed sUpbylococ(.i per cubic ceniimeier 


The National Drug Co, Phtladtlfihia 

Slaphylocotetis I'seriKe *— A suspension of killed SltpPilocectui slbui 
and killed St«ph\l»toecut cureui m equal propomotis. in physiological 
solution of loiliuni chloride, preserved iritb 0 4 per cent tricresol 
Marketed in packages uf one S ee vial containing 2,000 million killed 
Maphylococci per cubic centimeter, m packages of one IS cc vial eontain 
ing 2^000 million kitieil siaphyloroccs per cubic fentimeier, in packages 
nf one SO cc vial containing 2 non million killetf staphyloiocri per ciibu. 
eeniimeter 


Parke, Davis & Company, Detroit 

TiirKnciiforit I'cccine —Marketed in paekaxes of lour 1 ce bulbs 
3ii), each centaimog 2,000 miflion killed Suphyheotcm sarriii 
oliiained irom furuncular lesions, also in S cc (Die 25S) and 20 cc 
(Oio 259] bulbs, each containing 2.000 millKin killed staphylococci per 


5fa^/i3 /arocfsr 
1 cc bulbs • 
albMs and 


■fin# fCombmrit — Marketed in packages of fou 


E R ScfUibb & Sons, New Vork 

'ilaphyhcoecus I'ncrinr —Marketed in packages of four ampules con 
ainmg. respectively, 250, SOO, 7S0 and I OUO million killed Stafnyloeoceni 
mrriir and oihua in equal propcniion, and rn vials of i rc and 20 cc . 
rveh cubic centimeter coftiainmg $,000 million killed SlephYlccotciis 
lurrur ancl Slaphylocecfua olbut sn equal proportion 


TYPHOID VACCINE^Vaccinum Typhostim, — Matk 
Irom Bactllits typhostis In some cases Dattlliu Parat^phosus A 
ami Cafi//iir /'arofy/Zioyiij B are used eilher alone or com- 
bined with Bactlluj typhostit, but usually the three organisms 
arc combined itt one taccine 

^letionj a'lil Utes . — "lyphoid and jnratyjilioid vaccines arc o( 
rccognired utiliiy in ibe prcvrniton ol lyjilioid and jiaratyphnid 
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fever The immunity produced is believed to persist m the 
majority of cases for two years or longer 

The use of %accine in the treatment of typhoid fever and of 
the earner state has given inconclusive results and is not gen 
erally considered of value 

Dosage — As a preventive, typlioid vaccine should be admin 
isfered only to healthy persons The skin should be sterilized 
with iodine and an initial do*e of 500 million bacteria injected 
with aseptic precautions This injection should be followed 
in from seven to ten da>s by a second dose of one billion bac 
tena and a third injection of the same size is given Irom seven 
to ten days after the second In addition, half of these doses 
of each of the paratyphoid bacteria is employed 


The Abbott Laboratories, North Chicago, 111 

T^fheid Prcfliylaelic ~A luipension made from a single strain that 
employed in the U S Army Marketed in parkages of three ampules 
one containing 500 million and two t 000 million killed bacteria each 
also in pnekaoes of three syringes one containing 500 million and t«o 
1 000 million killed bacteria each, also marketed in 5 ce vials containing 
1 billion killei typhoid haeilli per cubic centimeter, in 6 ce vials each 
ruble centimeter containing 1 000 million killed typhoid bacilh and in 
20 ce vials containing 1 billion killed typhoid bacilli per cubic centimeter 
Typhoid Paralyfhoid Bitetertn Suon Myert f^ro/AyfartieJ —Marketed 
in packages of Inree 1 ec vials one vial containing 300 million killed 
• ‘ ' nhoid bacilli A and C wliife 
• fl killed typhoid bacilli and 

1 Q in packages (hospital) 

• 1 000 million killed typhoid 

icilti A and Q except those 
1 a eu », * iilfion killed typhoid bae lli 

and 525 million each of paratyphoid bacilli A and D and in 6 and 20 cc 
vials containing 1 000 milfton killed trpboid bacilli and 250 mill on each 
of paratyphoid bacilli A and B in each cubic centimeter 


The Culter Laboratory, Berkeley, Cahf 

Typlotd f aceme —A suspension of killed typhoid bacilli in physiological 
solution of sodium chloride coniaining SOQ million killed typhoid bacilli ol 
various strains in each cubic centimeter Marketed in S cc vial packages 


Dosage — From 5 to SO million every three to five days 
Typhoid Prophylactic —A suspension made from a single strain^ 
namely that employed by the 
typhoid bacilli per cubic cen 
bottles one contain ng 500 n 
typhoid bacilli Also markeic 
1 QOO million killed typhoid b 
of one 20 cc bottle concaning 

certuneter also marketed in hospital sise packages conta mug ten <-ui i 
ilele tiJim isiTslicixis each imttiinusing treatment consisting of ‘hree ’''j'* 
the first containing 500 million killed typhoid bacilli 250 million kiueu 
paratyphoid A haciJh and 250 roilfwo ItlM paraiyphod 
cubic centiineter and the second and toird vials contaiomg 1 QOQ m“ on 
killed typhoid bacilli 500 million killed paratyphoid A bacilli ana sou 
million killed paratyphoid B bacilli per cubic centimeter 
TyphoidParatyphoid J’ropAj/aette— Marketed m packages of 
one vial containing SOO m.J/ion kdled tnhoid baclli 2SD 

At, ovn n,iion klled Mtatypboid B bacilli ^per 
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phoiJ A bscilli and 500 tniHion WW paralrpboid B bacilli per cubic cen- 
timeter, and m par^**** o* ®"* ayrinse ewitatmne J.OQO million UiUcd 
typhoid bacitli. 500 million killed luratyplioid A bacilli and 300 million 
kil'ed paratyphoid B haciUt per cubic centimeter 


The GiHiland Lahoraloncs, lnc„ Marietta, Pa 
Tvphoid Vaccine — rrcrurcd accordiOf to the method c5 the U S 
Army 3ledical School l^aboratorv from the Rawiing a itrain Marketed 
in paciases coniaiPing three aytinea. the first coniaiTitnt: 500 tniHion 
killed typhoid bacilli and (he aecond and third ccntainm; each 1,000 
million killed typhoid bacilli, in pacfcaacs containing three ampules, the 
brat copiaimng SQQ nutlton killed typhoid bacilli, and the second and 
third containiD)* each 1,000 tniHinn killed typhoid bacilli, also in ampules 
containing S, 10 and 20 cc of the vaccine as ordered, also marketed in 
vackacfs of thirty ampule* <teo eomplete immuoissiionsl, ten containing 
SUO Riillinn, and twenty conlaininc 1,000 nnllion killed typhoid bacilli each. 


latter strength, and in bospiial sise packages ten complete immunita 
Ilona Each immuniainp treatment consisis of three ) et vials, the first 
dot* containing 300 million killed typhoid bacilli, 230 million killed para 
typhoid A bacilli sad dsO million kitted paratyphoid S bacilli and the 
Second and third each containing 1.000 millioti killed typhoid bacilli, 300 
million killed paratyphoid A bacilli and 500 million killed paratyphoid B 
bacilli 


Lederle Laboratonej, Inc. PcarJ Rtver, N. Y 
Tythoii I aecins f/or PrephyUeiie Tteafnentl — kJarketed i» packages 
of three syringes containing respectively. 300. 1.000 and 1,000 million 
killed typhoid bacilli, in packages of three vials containing, respectively, 
500, 1,000 and t.QOO mtUinA killed typhoid bacilh, in packages of thirty 


Kiiieii lypuuiu iiacuii. 3uu million Killed paratyphoid 
million tilled paratyplmid bacilli B, in packages of 


Kti Lilly & Co, Indianapolis. 

TiPUcid Vaccine, Praphjlfctie and TkrrdpenHc.~~iiarltete6 in im 

laiion packages of three I cc mala (V7S6), one containing 500 ti 
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anil Iwo ■ 
I •il » : 
{\ 


a nine 1 000 m II on k ll«! lyrlinlil bac Hi Mch and In 
pa Kas(« p( tfn coni{I«te im-n n *3t ni in Itn 2 5 cc. rail 
• •' il <onia n c a com{Iele in in n /at on 

/ ffphy cti e anJ T/tfrapfut c —A amncni on 
‘ ' cllor If conta nine 0 3 per Ctrl of 


t i:e« f S ml •’0 


L- valf f\ 764 and \ 763) 

I fich kllc! ^ 


SI ari &. Dolin c Pliila 


Typho d ed I at 
n j I y« ol « till 
rrc ol 5fa if rt n i 
<1 h c I c r I rtf rr 
an MI at 1 000 I 
I al* <V to one co 
il and 500 m II o k 
ronta n R 500 rn 11 on ■ 

k lie 1 trrlio d bar t • 

I lete Ifnmun »a« n % 

^^^Ilford Hioluqic il I il/<rit<rif< 

Itipl n nncl IJolhn n 

Typli»-I)aelcr Mafkeiel in tarka e» ( mn un r hr ) of three 

•yri Bfi an I n laclaRci of ih riy I cc v al* (M I9J 5} 

(laxp til < It) l»c nc tc »e « of three m n n t ne lose* conta n n? 

respect ely 500 1 OuO a d I 000 n lUn k Ifrd lypl o I Mr II 

Tppfio-llacler H Uirrd (Tr tU latent TAH ) — Ma keted m ra ka?ei 
of fo r I ee «yr nge* (A/ the i r*t Io»e eo ts n ng 1 5 mill on 

kllel lyphod La ter 3 6 $ n I on k lletl paratypio 1 A Lacier a and 
62 5 m 11 on k lied pa aivp! o I It Lacier a tl e tcrond tl dad fourth 
loses conta n ne respect vely ino fo r and e (bt t met tie nninbef of 
I icier a n II e I It ! te A *< n arkete I tn "’0 ec. » als {it 19S 4) and m 
5 cc als <1/ I9S 9) conta n ne 1 000 m li on k Ilcd typhoil Latter a 
SOO m II on k I ed | ira ypLo d V bactrr a and 500 n Ii on k lied pa a 
iypho 1 II 11 te a (Mr eub e cent me er Typho d batter n m xed s 

also suppi e I in pockaces of ih ee syr nges {it t9S 10) n package* o 

ih ee 1 c aS (U IVS *0 the f m I e r nti n rg 500 mil n kite I 

lyiho I Ucera 50 m II n k lied paratypl o d A" Laeter a and 250 

n II on k II It ara yj bo I II Laeter a vrh le the seeon I an I th rd dose* 

CO tan re tec cly twee the numter of Lacier a n the first Also 

I irketed tack gr* of tl rty 1 ec v al* <M 1>S 5) Le ng ten 
rat on* of tl rec dote* eaci the ff*t dose cnnti n ng SOO ml on k Ileo 
tylhod I fill and ■’SO m H on eael of k lied paratypho d h and para 
I) I d II bae II an I II e second and th I doses each conia n ng 1 
m II on k lied lyrho d Ue I and 500 m II on eaci of k tieil paratypho 0 
A an 1 laratypi I II Lie I 

Tlie National Drug Co PIi bdclpliia 

T pUd \ a nr— A a spens on of k lied Ba til t iyphot i n phys 
oloe cal *olol on of sod n chlor de preserved w th 0 4 per cent cr*s°‘ 

• -• ‘ - ' cc Val conta nng 1 500 m II on k lied 

c cent meter n packages of one IS ec. val co 
kllcl lyilod bad! per cube cent meter, 

- ■ 11 on klled typho d 


V al conta n ng 


Markelel n lackages of 
tvpbo d Lac 11 p 
ta n ng 1 500 ir 
p ckages of on< 

bac 11 per cub c , , n h 

Typio dParalyphc d C nb ned latent— A suspens on of k iieo 

Baetll 3 typhos t k lied Bartf/u* paralyphot i A and I' 
toral pIo3 /Bn phys olog cal solut on of sod urn 'hlor de preset 
» tl 0 4 per cent Ir resol Ma kete I n packages of three v ais 
tie frst dose cont ng 500 m II o k Ilcd typho J bac II 50 n 

klled paratypho I \ Lac 11 i d 250 m II on klled l^atyP''.® IP.^fbo d 
the second and th rd doses eacI conta n og 1 000 m 1 on k led fj'P ^ 


b cll 
1 ono 
bac I 


rfl “"n^k 

anl SOO m 


n packages of c 
Lac 501) n II 
rat} I o I B I ac 
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r'lckases of nmety viils (thirty louniinuiitioni), heinf fbiny get] 
of three doses, the first dose eonuitistis 500 milJion kilted typhoid bacilli 
and 3'0 millions each of killed paratyphoid A and B bacilli, the second 
and third doses conlainmg, respectively, twice the number of bacilli 
in the first dose 

• * • Lctrd in packages of one 5 cc 

. • d bacilli and :!j0 million killed 

er. in paskaecs of one IS cc 
• . . d bacilli and 250 million killed 

‘er. in packages of one JO cc 
. • d bacilli and 250 million killed 

Also marketed m packages ol 
iillion killed Dphoid bicilli and 

Parke, Davis & Company, Dciroif 

ryMoirf k'aenite f^ropfcj/orliej — Marketed in packages of three 
ampules (Bio 4i7J, one roniainmg SOO (oillion, and luo, I OciO million 
killed liaeleria each, in packages of one JO ee vial (ffio 4>l) coniain 
me 1,000 million killed typhoid bacilli per enbte centimeter, also in |<aLk 
aces of ten 2',', cc rullier diaphraem capped vials (Du> 444) rnniaiiiine 
m each ee 1,000 million killed typhoid bacilli. ?S0 million killed para 
typhoid A and 7S0 iriIIior killed paratyphoid B baclli 

f oeesne f/’ritpAv/jrfieJ —Marketed in packages 


tiaeilli A and tl r<e euhic rentimeter. also in packspes of ten 2>i ee 
rulliee diaphragm carpcil vials (Bio 479}. containme in each ee I.QJi' 
million killed lyphoio faeitli 


E. R Squibb & Son*. New Vork 


millmn killed trphoid barillt prr enbic ceotiineler 

Tyt^etJ I’acrme Cambiord. — Marketed in ractaers of 

three svringes, one enntaming 500 mi'li<ifi killed f^thei.t lacil'i and 


J,5 >0 mil inn killed l■•<llll 

Cnitml SlMes SluuJird rrotljcii Compatij, \Vf*rtJvit>riI), Wis 
rj/li« J I t-nnf — Ms'lrtr I In rarkagn of Ihrer I ee vis's eonlai-mg 
5 mdi'vi, I I'l'l rai lion amt ion im'i'n ki''rd lytbul f-icrrna 
frsivffjif I t, •uiprnderf In y by*Md«‘aieat vrlufinn of im e*'nrit‘ ar I 

prerrfsr! »iih 0 5 I<r rvnf yhctiil, iW InifVrtH in larVagn tf wr 

5 «e s isl nmlaining I pey gni 1 ki'Ied tvfhnrl ta j i l*r rr'rr rrr«i 

tiivfer an I in psfksjri cf <m» 2J es ssal err'amirg |,n^) fn J 1 

lythi'il fau.'i i«r culis cvrrimrier 
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TyfUtnd Paratifhotd I ccrtne Combmtd — MarkcteJ m packagea of 
three J cc vials the first dose contaiamic 500 mill on kiHe 1 typhoid bae 
teria 575 million killed paratyphoi f A and 375 million killed paralyphoi I 
tacleria, the second and third doses each eontaining 1 000 mill on 
killed typhoi 1 bacteria 750 million killed paratyphoid A bacteria and 750 
million killed paratyphoid n suspended in physiological solution of sodium 
chloride and preserved »uh 0 5 per cent phenol, also marketed in pack 
ages of one 5 cc vial each vial contaimcig I 000 million killed typhoid 
baciJJ], 750 million killed paratyphoid A bacilli an t 7S0 million killed 
paratyphoid 11 bacilli per cut ic centimeter and in packages of one 20 ce 
vial containing respectively 1 000 million kille<l typhoid bacilli 750 
million killed |araiy|hoid A bacilli and 750 million killed paratyphoid U 
bacilli per cubic centimeter 

Mixed Bacterial I'accines 
These Contain more tlnn one species of bacteria 
Actions and Uses — The etnplo>nient of bacteria! ^accllles 
should be based cither on the disco\cr> of the causative micro- 
organism bj careful bactenologic examination of the patient 
under trcalrocnt or on well estabijsited chnicaJ knowledge which 
has shown the disease present to be regttiarly due to the activity 
of a definite germ As a loile, one organism plays the prcdomi 
nant role and the destruction of the cau<attve agent will efTect 
a cure In some cases however, it has been found that two or 
more organisms arc associated m producing the diseased con 
(lition In such cases, a vaccine containing all the known causa 
ttvc antigens has been thought to be indicated When this 
ctiologic association has been determined by actual bactenologic 
cxammation a mixture of two .autogenous vaccines or two 
corresponding stock vaccines may have a logical basis If the 
bactenologic examination is omitted the mixture rests on a 
purely hypothetical assumption and the method becomes wholly 
irrational 

Willie the subject was still in the earlier cxpcrimcnul stage 
various mixtures of vaccine so-called 'mixed vaccines were 
admitted to N N R by tlie Council As knowledge concern 
mg the action of these products increased however it was 
found inadvisable, m most instances to continue recognition 
of them and the mixed vaccines which had been admitted 
were deleted unless their usefulness was established by 
acceptable clinical evidence New mixed vaccine products 
are subject to the same condtfions before being accepted 

ERYSIPELAS AND PRODIGIOSUS TOXINS 
(COLEY) — Toxicum Erysipelatis et Toxicum Bacilli 
Prodtgiosi — This preparation is practically a mixed bacten^ 
vaccine made from strains of 9trefilococciis pyoejenes isolated 
from cases of erysipelas and from Bacillus prodigwsus Its use 
has been advised in cases of inoperable sarcoma 
Actions and Uses — TIjis remedy is said to have benefited 
and produced cures in a small percentage of patients treated 
though there is some difference of opinion as to this 
Dosage— From 005 to OS cc (I to 8 minims) It «« 
by hypodermic injection partly into the tumor or its near 
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neiRhlwrhood and partly at a distance to secure tiic benefit of 
both local and systemic effect A reaction consisting of chill 
and rise of temperature is expected to follow the injections, 
until tolerance becomes established 
I’arke. Dasis & Company, Detroit 

mi rrodigietitt Tanm (CoUy) — Marketed iii paclajet 
cmt3iaing fi>e J ce bulbs fSw tit) and tn IS ft fcoft-i t0‘3 tSSf 

ScnsiUzti Bociertol Vaccines — Seri^boclemu 
These products arc prepared in the same manner as bac- 
lerwl vaccines, except that the bacteria! suspensions are 
treated with the scrum of an animal mJirJi Ins Ken immun 
lied to some extent against the species oi orsaniMn iti hand 
The scrum is then washed from the kicterial bodies by cen- 
trifugation and the latter arc resuspended »i phy vjolojtical 
solution of sodium chloride This treatment, it is claimed, 
sensilircs the bacleru so that they arc more canly attached 
by the protective forces of the patient, cause less rcicfion, 
and produce a rjuuker unmunity. It is held that a time- 
consuming poriiott of the process of immoniiv, natneJj, the 
formation of 'jiecific amboceptors necessary for ilie breaking 
up of ilie bacteria is dispensed with These sinlxvceptorv, 
procured from the immunued goat and combined «ith the 
Lactena. prepare the bacteria, it is behesed, m the «ame 
manner as amboceptors formed m the body of the patient, 
their action therefore. «$ said to be more rapid than that of 
the ordmarj bacterial vaicme 

Utll-aii «( An immu/if ictum n otUirtfit from animjl* 



Mulfiird il I aU>r3t<<rie* *'h»rp Dohme. ITnh 
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I ■ , s I 000 

■ ■ , JoJJfd 

Tyfho-SffabacUrin-Wul/ord iltsed (SrHiili:fd TntU I'acane TAB) 
Mafkftcil in iarkn.cs of four t cc srrinsr* fl/fJJO), the fint d ‘C 
I ntaminc 250 niillmn killr<I scnsilizcil typhnnl bacteria 125 million 
killed 'cnsiticfil I ani>;>!toi i \ bacteria an J J25 m )Uon JtjJIc»J jcnwfiic I 
iariiv|hoid 11 I tcterti the rfcoikI third and fourth doses contain 
icsrectixcly two foir an! cirI t limes the mini rr of laetcria in the 
I rst drsc Als> marketed in S ee tials (IflJify an! in jinule 1 cc 
syrii ».es (1/ Hi IJ) eiintainini; 2 000 million killed seniitiicd tyjloil 
I aciero 1 00 i million ktlln] sensiiired itaralyrhai I A laeteria, an I 
I non inifliQii killed lensiiieetl paralyphoii ' 11 laeteria jer ciil ic certi 
meter, in lacka^es f three synnRe* an! in packiges of 

three 1 ec nils (1/ Jig 'i») the first dose containing I 000 million killel 
senxiiirrl tyiliijil 1 icieiia 50 > million killed jcnsitired jaratyphm! \ 
laciena an I 500 mitU n kille<l laratyihoid II 1 tetern, while the 
•ectml aid tfml de.es etmiain frs(.ertnel» twice the iioinher of Jaceern 
in the I rst <1 se in packages of thirty I cc vialj (\flJSS) (hostifal 
sue) ^•elllB ten sets of three d<ses the lint coniaininjr 1,000 milli ii 
killeil sensiti/ed l)|h<i<t laetlli an I SOD milliMi each nf killed ien<itite<l 
\traitthml iHiIU A ani It tlie second ant third Cwstammg retpeelnely 
twice the nunil.er ot licdli in the first ijxe 

IV. Diagnostic Agents 

TO\lNS rOR INfMUKITY TESTS 
DIPHTHERIA IMMUNITY TEST (SCHICK 
TEST) —This test i$ intended to determine those persons ssho 
lia\e not in the blood an amount of diphtheria antitoxin 
siiflicicnt to render them immune to diphtheria The test 
depends on the phenomenon that, uJien a small amount ot 
diphtheria toxin is injected mtradermalb’ into a person who 
has no free antitoxin in bis blood, a circumscribed area of red 
ness and infiltration from 1 to 2 cm in diameter develops at 
the site ol injection Sbouid the patient ha\e free antitoxin in 
ins blood, no reaction occurs In nonimmune persons, the 
reaction occurs in from twenty four to forty-eight hours, and 
IS at its height in from fort> eight to se%enty't5vo hours It 
rcmiins for from six to t«cJ»e days, is foIJowed by slight 
scaling, and leases a brownish, pigmented spot In s^c 
persons, a psciidoreaction may occur, which may be dmer 
cntiated by its earlier appearance and disappearance, and 
tJie facts that if is Jess circumscribed and is not followed b> 
pigmentation 

The test is of special %alue in institutions and among groups 
of persons exposed to diphtheria, m determining which indi 
vidnals should be gnen an immunizing dose of diphtheria 
antitoxin or diphtheria toxin antitoxin mixture , 

Dsphthena toxin diluted tor use with physiologic solution ot 
sodium chloride soon loses m potency Diphtheria toxin dilnteo 
with peptone solution is apparently quite stable 
Cutter Laboratory, Berkeley, Calif 
p.thlhfTta Toxin for ihe Sehick Twl— Marketed in 
xials one containing a definite volume of dioiillieria to»in 5he u. 
containing sterile pEysioIogic solution of sodium chloride with which 
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Qx>n IS to bo diluted beface adoiinistsatioii Tbe diluted toxin is of sucb 
I streng’b ibst 0 1 cc. eiven intTatuUdeouslr constituits a lysi? M 1. D 
Hiere are approximutlj SO test doses » eaeli pscLase AW marketed 
n packages containing suficieot ioaterts} for ten tests 

The GiJliIand Laboratories, Inc, Marietta, Pa. 


IS supfihed 

Lederle Laboratories, Inc Pearl Riser. N V 
D^fikthtria Tertx far Sthiet TfH ii* Pfftani Kalniion —A dU'lilberia 
toxin mad* by growing di|>h(b«t>s (iscilD in broth, a^einz. snii dilutnx 
inn aifordiot While Uonney and ttalsoln {J 
19?2) Ibe |"rr"liiit •» ready for osff. no .Jilueril being 
igth that 0 1 Cf (one doyrl 
minimum lethil do« for a 


Eh Lilly & Compa 
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The National Drug Co, Pliilajclpliia 

Tfsi Pepiofit Dilntitl —A diphtheria loxm made 1 >t growiny 
diphtheria baeilli m troth, asinir and ditulinfT with peptone aoluiion 
aecordint to U E PunneT U Immuitat 20s 71. 19JI> The prodjct 

i» resiif to use, no dduenr heme required Maeleied in paelia;es of 
one 1 ec. rial conlainsnj luf^eicnt diluted diihtheria to»in for ten tests 
in packages of one 5 ee vial contairiios lufeient diluted diphtheria 
toxin for filly tests, and tn paettages of one 10 cc vial rORtainin; sal^ 
cient diluted diphtheria loxiit for one hundred tests 
ParAc, Datis it Co. Delroif 

Pif'hlkfna Toxin DiluleJ for Srkick Text — Marleted in pukases 
(Itm 75) of one Msl enniainini! 1 ec. of diJiite'f diphtheria lotin 
siifncient lor ten irsii anl iri pitkiifs (Ilio 77) of one tial contamine 
10 ec of d luted dijhlheria lotiri sitfiicief I for 10) test* The i! se n 
tf f cc rf fhe Miiferl fovin or one fiftieifi of the minimum lethal do'e of 
diphtheria toxin for i miinrx pic of J50 l.m *euht As a means cl 
control the cotirol I r the ‘»rhick Test fltiix *5) rcpresentinc diJ ilc! 
diphtheria loxiti heated xuf’icicnil* to destroy the ipeeifc e*''lotm« is 
supplied 


E R SflUlhb & Sons. New \orfc 

Difhihena /mmunity Test f^’ehie* TViO ^ipui'Sh — Varleied tn pad 
ipes of one syringe coniainine diphtheria toxin sulHcient for fift^ tests 
aeeompinied by a Mai o( th« tequited asnouM of sterile dduenl, also in 
paekastes of one ayrince containing diphtheria toxin sulTeient for 100 tests, 
aecompanied by a aial of the re<)Uired amount of sterile diluent 

Diphl/irna Texm for the Sthtek T/tt Ready to Vte xeithev* Z)i/»/ieii 
SQuiht ~t\ diphtheria toxin made by grosrinc diphtheria bacilli tn brota, 
asinc and dilutmc »ith peptone solution aecordirs to U E. Bunney 

0 Immunol 00 71 I9JI) The pro<|iiet is ready lor use no d luetit 
^fflS required The diluted toxin is of such strength that “ { f*!, 
(one dose) giien intraeutaneously eonsiiiutes one filiieib minimum letaaj 
dose for a guinea pig of 750 Cm iveight It is maikeird in paeltagei of 

1 cc. containing lutTicient for len tests and in paelcase* of 10 ce contain 
ing sulTicient for 100 tests 


Dnifcc/ States Standard Products CompafO, U'oodnorlh 
Wis 

Difhlhrria Toxin for Schtek Test and Cou/rof 'larkeled in packages 
containinc a vial with undiluted diphtheria toxin standardijeo and x 
2 cc viaJ of aterilired pbrsiologieal solution of sodium chloride wim 
Hhich the toxin is diluted before using The dose is 0 3 cc each package 
contains therefore 10 tests As a means of control there is al'O supplied 
diphtheria toxin of the same lot but heated sufTicientl/ *0 „!l! 

specific exotoxins and 2 ce of physiological solution of sodium cwonce 
for diluent The product is marlceled in packages containing a * i,o 


s such that 


■tliVd 


SCARLET FEVER IMMUNITY TEST.— The toxin of 
the hemoljtic streptococcus of scarlet foer ts used to defer 
mine those persons who arc susceptible to scarlet feier inc 
toxin IS first carefully standardized on human beings ana 
diluted so that 0 1 cc represents a skin test dose 
The test dose is injected mtracufaneouslj on the 
and the tfegree of susceptt6ili<> is determined at 
from twenty-two to twenty-four hours An area oi rcaaemn=, 
1 cm or more in diameter constitutes some degree ot a p 
tnc reaction, while a smaller area of reddening is TOnstaerea 
necatue Reactions nhfcb ha\e appeared but 
entirely faded at the end of twenty four hours are regar 
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as negative. Positive reactions fade rapidly and have usual!/ 
disappeared at the end of from /ofty-eight to seventy-two 
Ixiurs 

Scarlet leier streptococcus ttrem diluted for use ivtji retain 
its potency for at least two nwnths at room temperature 


The National Drug Co. Fliiladelplua 
Searlft Fever StrtftoC9em Ttsm fo» iht Piet 
PtepzTt^ by the jnribtxt of Dr» Diflr anijer 5 S 
duly 28. 1S2S. expires IS42> by license ot the Scarlet 
Sac &£art.eier{ m aackaees of one via) ccntaintfte s 
Jen icjis. in parlae<.a at oaa »»4) conVttawg 
buadred tests 


Teyi CXaiianall — 
palriit 1 

teicT Ccrammee 
.iifficierit to'cici for 
fnl loein far one 


Parlve, Davis Jc Co. Detroit 

Srarlrt Fm* Strepteceeeat Toni far SJtiM TeJl P D Sr Ca—Tte 
pared by the mtihoe o{ Dr* Dick under U S patent l.Ssr.je? (July 28 
192S, expires S942) by license of the Scartec fever CtintmiUee. Inc 
Marketed la iintle } ec vial packafea (Bio ISd> eenieitiiRf tuffieient 


E R. Squibb & Sons, New York 

Sra»(»» Feivr StreN^reeeut Ton* for Dir* Prepared by 

the enethed of Drs DiiW under U 5 pntent ) S47.J59 
expires 1942) by license of ihe Scarlet rever Contmittee, 1 
>n poekaeea of one vial coniauiinp auiBcieni loxin Set ten 
packages ot cr« vial cortatmtig sufficient toxin far tCO tesla 


SILVER PREPARATIONS 

Sliver tompounds are used m medicine to secure caustic, 
ostriHgent, germicidai and antiseptic effects Tiiese results 
are produced by the free silver ions When caustic effects 
are desired, silver nitrate is preferred, because the organic 
compoands of ssher are largely or completely lacking in 
caustic properties As an astringent, also, sihcr niiratc is 
the compound of choice, hut jf must be used m weaker sotti- 
tions The antisepiic action ot silver nitrate is complicated 
by irtitation. pam, astrmgency and corrosion These may be 
desirable for the destraclion of tissue or the stimulation of 
indolent v.ounds. but when thc>' are not necessarj (or such 
purposes, Ihfiy arc distinctly undcssrable They may be avoided 
fay the use of colloidal stiver preparaUoiis 

Colloidal Silver Preparations 

111 these, ihc silver does wit c^ist t‘i auv great txttm as 
free ions, therefore, it <lo« not precipitate chlorides or pro- 
teins, and is noncorrosivc and relatively or tjuitc nonastrm- 
gerd and nommiant Neverthefess, some degree of antiseptic 
action IS retained This is f»t proportiona! to the total sihcr 
content, and varies for the iliffowt compounds, suggesting 
that the antiseptic aclioii is due to the liberation o{ very low 
concentrations of silver ions, which vary for the different 
compounds 
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TJic mecbnnism of Jhesc effects ts analog^ous (o (fie fate 
action of sil\cr nitrate Tins takes place m two stages. (I) 
the immediate irritant ami germicidal cfTects produced by the 
direct application of the free sther ions, and (2) the later, 
milder antiseptic effects produced by (lie rc-solution of the 
si/vcr protein compounds tftat were formed in the first stage 
If the second stage alone is desired (i e, mild antisepsis 
witliout irritation) the direct application of the colloid com 
pounds may ha\e advantages over their indirect production 
from siher nitrate, aside from the avoidance of irritation, for 
the absence of any cotgulHion membniie facilitates their 
access to the cells, they form more concentrated solutions 
than arc likely to be formed from the re solution of the 
silver precipitates m si/ii, tlic colloidal aggregates may be 
smaller and therefore more reactive, and b^use of the 
absence of irritation they are likely to be more frequently 
applied and would for that reason secure a more continuous 
action 

The colloidal silver preparations appear to be quite 
cflicacious for the prophylaxis against gonorrheal infection 
evidently killing these organisms on direct contact Culver 
(J Lab & Chit Med 3 487 {Ma>| 1918) reports that gone 
COCCI in hydrocele broth cultures are killed by momentary 
exposure to OS per cent mild silver protein or to 0.25 per cent 
strong silvcr*protein As regords other organisms, discordant 
results have been reported 

Metallic silver and insoluble compounds of silver, such as 
the oxide, the halogen salts (iodide, chloride, etc.) and silver 
protein precipitates may be brought into "colloidal solution . 

I e if they are sufTicienOy finely divided they become jniscibie 
with water so that tliey apparently go into solution (although 
such colloidal solutions” arc strictly permanent “suspen 
siotts" of the insoluble substance m a state of ultramicro 
scopic particles) 

The commercial preparations are for the i osl part pro 
diiccd by dissolving reduced silver or silver oxide, or some 
proicm-silver precipitate in an excess of a denatured pro 
tcin, and drying in vacuo This results in substances that 
dissolve very freely altlioiigli somewhat slowly, m w*aier 
yielding brown ‘colloid solutions” which contain so little of 
free silver ions that they do not readily precipitate chlorides 
or proteins They consist of indefinite mixtures of metallic 
silver, silver oxide, and various sihcr-protein compounds all 
in colloidal form The proportions of these and the properties 
of the mixture vary according to the conditions under which 
they are produceil Althougli there arc nntiy gradations 
most of the products on the market fall into a small number o 
fairly definite therapeutic groups 

(A) Strong Silver Protein Type 

(B) Mild Sliver Protein Type 
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(C) Co!brgol Type 

CD) EJecJn'c Type 

A. Strong Stiver-Protem Type — Strong silver -protein com 
pounds contain the ioisest percentage of silver {from 7 5 to 
85 per cent), but have the strongest germicidal action, and 
are distinctly irritant They are, therefore, llierapcntically 
intermediate between sthcr mtratc and mild sdvcr-protein 
Protargol belongs to this group 

Protargo! is said to be prepared by precipitating a “pep- 
tone” (aibumosc) solution with stJvcr nitrate or with moist 
Silver oxide; dissoUmg the silver peptonate m an excess of 
protalbumose; and dtyw^ *n tacuo (hraenkel) 

B. Mild Siher-Prolcin Type — Mild 5il\ er-protem com 
pounds contain from 19 to 25 per cent of silver, but are ^mte 
nonirrilant The following products hsied in N N K belong 
to this group, argyii, cargentos, siboj, solargenuini Sfjuibb 

Argyn is defined as a colloidal compound of silver oxide 
and serum albuniin 

Solargentum-Sduibb is prepared from alkah-gelalin, used 
as a solvent for silver oxide The solution is then concen- 
trated and dried m va:tio 

Cargentoa is prepared by suspending mojsr sdier ovide w 
a soliilion of casein, and heatmg the mixture until no pre- 
cipitate is obtained on the addition of solution of sodium 
chloride, and fay evaporating the mixture to dryness in an air 

C. CoJIargol Type — ^This coniams a much higher per- 
centage (78) of Sliver, said to be in the form of metallic 
silver, reduced to the colloubl form by -chenncal means, 
and "stabiliied” by ”a small percentage of egg albumin with 
products of oxidation" However, the albumin is denatured. 
Since it does not precipitate o» bmhtig, and u presumably 
constitutes the greater part of the 22 per -cent that « not 
silver Collargol, therefore, differs from the preceding class 
in degree ratlier tlian m principle, containing a larger pro- 
portion of silver in the form of colloidal rnctal and oxide, 
and a smaller proportion in the form of proiciiiate its 
tiicrapeutic field has been mainly for intravenous and intra- 
muscular injection According to I5»c resulls of Botlner 
(Mutic/ien turd li'cfiiucfir 68j 876 {Jtdy ISJ 1921) the thera- 
peutic response would appear to be due to the foreign pro- 
teins, rather than to the silver 

D. hlectnc Type— Metallic silver may i>e broiiglit into 
colloidal solution clcctncally, i e. by (ormiu? an arc ticiwecii 
siher chTtroiUs umkr water Tlif<c si»hnt*‘«« arc verv d.liitc 
and arc ri>t sutTicinulv stable for c»>iict«lfaii'>ii T!k> arc a)i<> 
hki!) ti> totuaiii silver oxide, awl surnctuiKs n'liito! vihcr 
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Therapeutic Uses — The col/oidal silver compounds arc used 
mainly on mucous membranes, for antisepsis The strong 
Sliver protein group is most effective in this respect but is 
slightly irritant and stimulant The mild silver protein group 
acts largely as mucilaginous demulcent and protective, and 


Conjunctivilta iirnple pa 
rulent or gonorrheal 

Prophylaxis against opb 
tliatmia neonatorum 

Prophylaxis before ophthaf 
mic operations (several 
days) 

Corneal ulcers 
Nose and throat 

Wounds and ulcers 


Gonorrhea 

Injections— Prophylactic 
Acute 
Chrome 

Urethral irrigation 
Urethral suppositories 

Cystitis 


Gynecologie practice 
Solutions 
Tampons 
Ointments 
Suppositories 


Per Cent 
2 to to 


2S 

SO 

Spray JO to 20 
Swab 2S to SO 
1 to 10 solution or 
ointment 

10 dusung powder 
10 


1 1 000 

20 (0 11 Gm or 2 
grains) 

20 to SO (5 ce) or 
10 to 25 (SO cc 
left in the bladder 


Suppositories 20 
(0 3 (5m or 5 grams) 


Rectal administration 
Irrigation 
Injection 
Suppositories 

Oral administration 

Pyelography 


0 I 
2 

$ to 10 

0 002 to 0 015 Gm 
Cfe to H grain) 


20 (0 13 Gm or 2 
grams) 

0 3Gin (5 grains) 

2 (solargentuiu) 

50 (cargenlDj) 


as detergent by dislodging pus CoHargoI acts locally like 
the mild silver protein group but is used mainly to produce 
systemic reactions 

The antiseptic efficiency of the silver compounds and their 
content of silver ions may be conucnfly compared by tbeir 
restraining effect on gas formation by yeast according to 
the method of Dreser as modified by Pilcher and Sollmann 
(J Lab & Ctin Med 8 301 1923) According to this the 
following solutions approximately eijual the efficiency of a 
1 in 1 oiX) solution of silver nitrite in the same media (J Lao 
&■ Chn Med 9 260 1924) protargol in water I per cent 
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m physiological solution of sodium chloncjtf 0125 per cent, 
in blood 09 per cent, and siftol in water 26 per cent, in 
pliisiologi'ca! solution of sodmm chloride 1 pee cent, m blood 
o per cent. 

The siher-proteins have been administered by moulh as 
eastrO'intestina! atrtiseputs It appears most improbable that 
the low ecincentration that could be secured in this manner 
would base any antibacterial action; there is no decisive 
clinical esjilencc of such an effect 
Dosage and Adtiun‘sfra(ion — Tlic cancentrations for mucous 
membranes range from 01 to 10 per cent for strong silver- 
protein; from S to 50 per cent for tmW silver protein, and 
from 002 to 1 per cent for collargol These are applied every 
two to lour hours, if possible Solutions should be recently 
pTtpared, and should be proicctcd against light Ointments 
and suppositories are used with the same concentrations as the 
aqueous solutions Stains on linen are removed by 1 m 1,000 
solution of mercuric chloride The usual concentrations for 
special purposes are shown in the adioined table 
(Bariy PmcnUi'cl Teea/in^it cf I'enereal i?iVw«-~The 
ordmarjr routine consists in washing the parts thoroughly 
with soap and water, after whicb the urethra « injected 
with a 2 per cent strong siUer-protein solution, which is held 
«n the urethra for five minutes The glass >s then inuncted 
with 30 per cent mild mercurous chloride ointment for five 
mimiies 

The efficacy is marked if the treatment is applied thor* 
Ouglily within an hour after exposure, and is fair up to three 
hours. In the A. E F, the ratio of diseases to exposure was 
about 1 m 50 iiithout prophjlactic treatment, and 1 m 90 with 
treatment Prophyla-Ms. therefore, reduced the incidence to 
about one third (Astibum, 1919) It is practically useless 
after five hours 

STRONG SILVER-PROTEIN. — Argento-Proteinum 
Forte. Prolargifl Strong — For description see the U S PJiar- 
roacopeia under Argenfo-Frotemuro Forte 
Actions, Uses and Dosage — See preceding article. Silver 
Preparations Solutions are best prepared by dusting the 
powder on the surface of coW water, and allowing it to dissolve 
without stirring or shaking This requires about ten mmutes 
Solutions should be fresWy prepared 
Protargol. — A brand of strong silter-profem-U S P Pro- 
targoJ IS a compound of albumin and silver. 

Manufactured br Wmlhrop OeiUKal Cbbmut. Ip' • Nrw Vort. U S 
patent erpircd U* S tradetnari 30,$82 

MILD SILVER-PROTEIN— Argento-Protemum Mete 
— Protargm Mild — ror descriptioo see the U S Pharmacopeia 
under ATgento-Prolemiim Mite 
Actions. Uses and Dosoffe—^Sce preceilmg article. Silver 
Preparations 
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Argyn.— A brand of miM siKer*protein-U. S. P. Argjii is 
a colloidal compound of silver oxide and serum albumin. 

MiniifacliirrJ hy the Abbolt I aboratoriM. North Clucaco, III No U S 
riient U S iradennrk 13?.522 

Argyn Toblcit 6 

Cargentos — Argenti 0.xidum Colloidale-Mulford.— A 
brand ol mild siKcr-protcin-U S P. Girgcntos is a colloidil 
prcpiratidii ol siKcr oxide an<I modified casein. 

MsmifactiirKl l<v Sharp A Dohm^, I'hihftciphia ami IJaliimore V S 
pilcnt 1,013,046 (Nov S, 1912, expiretl) No U S trademark. 

Cargentet Cafjnlfj, S Crotnt — Capsules pf Colloidal Sil'cr Oxide 
^tIlI^orlJ 3 yraii a 

Cargirniot Oinlmral 1 /Vr Cent — Oinlment of Colloidal Sdxer Oiidf 
MuHord, 5 prr lent f atceiilox 1 pari, anhydroui wwl fat, 19 parU. 
put up in collapaihle tiiliri 

Cargeniot Omlmrnl JO Per Cent — Ointment of Colloidal Sdier OaiJ^ 
MuHord, to ner cent Cargrnios, | part, anhydrou* wool fal, 9 part*, 
(lilt up in colfapaihle tuhex 

Cargenlot Urethral Jiip/o«/oeie« —Colloidal Silier Oxide Urethral Sop- 
posiioriea or Housies Muiford hach tuppoiilory weighs ahout 2$ Cm 
(37 fi'ratn*> The vehicle cansisn of gljreerite of borcglfeerin, gehlto 
and water 

Silvol. — \ brand of mild silver i>rolcin-U. S P Silvol n 
a compound ot coIhiKhl stiver nidi an allaltne protcid 

Manufactured hy P trke, Dana A Co, Detroit No U S patent or 
trademark 

Si/ioi Bougifi } Per Cent llougief •^eigtiing OSl Gni (13 S gratnt) 
and containing iiltol 5 per cent iri a base eomi'osed of oil of theobroma^ 
wool fat white wax acacia and diicose 

Si/tol Oinhnent $ ttr Cent Silvol. 5 per cent in a base composed of 
petrolatum, wool fat, benaoinated lard and while wax 

Paginal Suffotitonet Sihot S Per Cent Suppouiories weighing S fS 
Cm (130 grams) and eoniainmg silvol. S per cent m a base composed 
of gelatin and glycerin 

Solargentum-Squibb — A br.ind of mild silver-protem 
U b P Solargentuni Squibb is a compound of stiver and 
gchtin, containing from 19 lo 23 per cent of silver in colloidal 
form. 

Manufactured by L R S<iuibb & Sons N>w York No U S patent 
or trademark 

TabUte Solargentum Sgiiibb 4 6 graint 

COLLARGOL — Collargolum Colloidal Silver.— 
Argentum Colloidale — Argentum Crede — Colloidal silver and 
stiver oxide, formed by reduction and stabilized by derived egg 
albumin, with which tt is possibly partly combined Collargol 
contains silver equivalent to approximate!} 78 per cent metallic 
silver, of which about 2 per cent is ionized It forms, with 
water, a fairly stable colloidal suspension 

Actions and Uses — The intravenous injection of collargol is 
followed, after from two lo four hours, by a chill, fever and 
leukocytosis This reaction lias been used, with variable results, 
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against general and localized infections, similar to nonspecific 
protein therapy. Indeed, it is possible lint tlic tirolcin stabilizer 
may play the principal or sole ixirt in the rcaLtion 'llie direct 
antiseptic action is rather feeble, and probahlj due to contamina- 
tion with free silicr ions 


Dosoi/e — It is cniplojctl in carcfaily filtered solutions 
(colloidal suspensions) sarying in strength according to the 
mteiidcd use; from 10 to 20 cc of a 2 per cent 'oliition for 
intrasenotis injections (the possible reaction of certain persons 
lo protein sliould be considered), and irom 0 02 to 1 per 
cent solution for waslies. CoIIargol solution should not be 
sterilized by boiling, but sterile solution mediums should be used 
Locally, it is used m the form of a IS per cent oiiitmcnt (see 
collargol ointment), from 2 to -I Cm (30 to 60 grams) being 
'cry thoroughly rubbed into the skm. iii the form of S per cent 
•lusting powder, prepared with finest clay, in bougies contammg 
0 2 Cm (3 grains), m \aginal suppositories and tampons each 
containing 005 Gm (?4 gram), and for parenteral injec- 
tions in from 0 5 to 1 per cent gl>cerin solutions 


Miiiuraettir«d tiy I 
Oarficl.l. N I (Sfl,,, 

Ifaitemark 32.45.' 

C^Uarfffl 0 • • ” — •• — • • •* - 

-•Cellareol e • a 

ColUreel • • • • 

Wiih 20 pj « • • • 

■n incident 

•tahic tot t . .1 

jtbumin to prevent ill precipilalion under ordinary eenditioni ii there 
tore, added to eellargol during its manufacture Itenee eollarcol, 
trhen ad'ed to epring or well water containing aalta. undergere no 
change, whereat colloidal ailver containing no albumin precipiiatea 


formed . . , v 

Its colloidal auspention should not oe CTposed to light, or air, it is 
ineotnpalible with the usual silver reagents t ii ] 


LUNOSOL. — Argenti Chloridurn Colloidale Sacchara- 
tum-Hille.— A preparation of colloidal silver cliloride contain- 
ing silver chloride, 10 per cent, and sucrose, 90 per cent 
Actions and l/z«— Lunosol has antiseptic and germicidal 
properties It causes neither irritation of the mucous mem- 
branes nor coagulation of albumin even in concentrated solu- 
tions; It does not stam the skm 
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Lunosol IS intended for the prophylaxis against and treat 
ment of infections of the accessible mucous membranes, such 
as the genito urinary tract and the eye, ear, nose and throat 
Dosage — Lunosol is generally used in solutions (colloidal 
suspensions) of from 1 to 25 per cent In the male urethra 
from 3 to 25 per cent solutions are u«cd , for irrigation of the 
vagina, a 1 per cent solution is used, and on tampons, a 10 per 
cent Solution for irngatioii of the bladder, a 01 to 1 per cent 
solution, and for irrigation of the rectum, a 1 to 5 per 
cent solution is used , in ophthalmia neonatorum, 25 to 50 per 
cent solutions are applied, in pyelitis, 3 to 10 per cent solutions 
are injected into the kidney pelvis, for application to the nose 
eye and ear, the a\erage concentration is 10 per cent 


Litnatel Cafisu/et 6 grams 

Lunosol IS a while alightly hy^roscopie granular ponder odoflMs 
having a sweetish metallic taste It is completely soluble in one nail 
of Its weight of water forming an opalescent solution _(eoHoida i su* 
pension) which is bluish white in reflected light and reddish m rntna 
mitted light . 

If a solution of 0 S Cm of lunosol m 2S ec of water is treated with 
0 6 Gm of potassium iodide dissolved in a few cc ®f water a yel'^w 
liquid IS formed If 0 5 Gm of lunosol is dissolved in 25 ec of water 
and 8 cc ot strong ammonu water is added a clear eolorleis lolution 
results If a solution of 0 5 Gm of lunosol in lO cc of water » 
treated with IS cc of tenthnormal sodium thiosulphate, a clear color 
less solution results Place a tew drops of lunosol solution (1 
in the nostril no sensation of irriution is produced To about 2 ee 
of fresh undiluted egg white add 1 ec of lunosol solution (i in »“{ 
shake the mixture then allow lo stand for fifteen minutes and nnaiij' 
dilute with IS CO of water no precipitate forms , . j it 

Dissolve approximately 0 S Cm of lunosol accurately weighed tn 
cc of water add 8 cc of stronger ammonia water followed oy a 
excess of nitnc acid Collect, wash dry and weigh the PCCMP’* 

The weight of silver chloride found corresponds to a content of ID P 
cent of silver chloride in (he specimen taken 


NEO SILVOL —Colloidal silver iod.de compound -A 
compound of silver iodide with a soluble gelatin base contain 
mg 18 to 22 per cent of silver iodide m colloidal form 
Actions and Uses — Neo-Silvol even m concentrated solu 
tions, causes neither irritation of mucous membranes nor coagu 
lation of albumin It does not stam the skin 
It IS claimed that nco sihol in laboratory tests for 
cidal value has been found as efFcctne as phenol in its acti 
on bacteria ^ 

Neo-silvol IS intended for the prophylaxis agamst, and tr 
ment of infections of accessible mucous membranes, 
of the genito-unnary tract and of the eye ear, nose ana tw 
Dosage — In the treatment of acute inflammations of ^ 
mucous membranes solutions of neo silvol as strong as P 
cent may be used In inflammatory infections oi the ear 
and throat, 5 to 40 per cent solutions are used, for irr'^ s 
sinuses 2 to 5 per cent, for inflammatory conditions oi tnc y 
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4iy) 


at.il iiilcfliuM a »trmrt>i <{ Jo 41 per mu m 

anjte anterior tireif’ruii, at an a’^^rtue nvaiurr. ^ p^r cent. 
f<'r r*"lfri.T tircthfittt rr in llic rcrc*«'’c iri-afn-ent of anterior 
tifcf!iriti«, 10 |<r cent, m cenu** uruury tract of i! e fentalc. 
from lO !•» 50 j-'r cent, at iinv'fjpliii. inni-.im. Ji) p^r cent 
(hot, for CMicenfraliotit «»/ ’5 per crtii or <orri 

Solutiorj cf rctv’ilvol arc r»'eiurrtl lo a'dii”? l!ie sn’otiiice 
Jo the rcTjitctl am.^imt cf najcr arl acifaiir!; ite inittiire wrtil 
sclution ocntri. 

SoJniionc tfTKf to pfrrtf>ita»c i:ra<f->Ii% j'*.' s'nOn.: l.-n'cr 
llun a «ctL l><-al areMj>rtn» tN.-'.J . .i fx i ' I t . «ol!i 
fl'ttt of I fT>-»lhTjI. 


fiftnaJirl ir(4 I r !>*«<• A I o f*'« t *• . ■••f i - I it j !• 

mark •rrlioj Icr 
Ctti*!ei ,Ve»ru'r./, e gn-ni 

OiAlHtenl 5 /Vt Crti 5 I'd ‘epi it. « t-*»f 

«r jlrerrin *nJ hrj wviJ tat iiiiJ 

lU'b '>ry fj'tjiet 

fi <SJ« Oia. (r (tain), in • t*»« rcotfo«e-J «l t’xrtiB »pJ »afrr 

.Vr*t!»tt i« rf»rap«.t Ij b*a'*nf I'eaSIr r"tiri'*'r'l olt'' oiije 

• lib f»lal n (ubicb t«» brro errceJt'r ttitflrrJ in a J* ulr * li’l n' 

lelutioni until »'■< iil»fr »»•!» b»« lx»« trijri I rwti ic ii»t» 
in a ee’ixtSiI lOte ef Tbe i» irri'eJ *iib in'me 

• bit*! aiib »h» ai’m Tb* ItU'J ti tben f»>.» rilpj I" 

k!f)ne^« (■ !<<••« T^r fnitbt"J I»^' el cntJin* If n 1 liJ J frf ‘frl 
61 cetrlinrJ f J re m r>re«a 6f «bat reit ifej I <f ror * nation ■tih ihe 


epaJrrcent attgtunl (eeIV«^ai e»»/e*»>»«e> Nen iilri'l i» invjlib e in 
faed eif( L.t t'amit intjlle i» tlremn S lotmrt ol nen^ilv'l ire 
iiti rrecipiiaied in ibe e"lt br e'frn* acitt er lojian efljtiJe 

II a aola-inn of rimtileal •• Irrared with a tAlgimn el rotaxium 
brdraaite so rfeCTiia’c of »il»ef lojije t> if tbi» aolutinn n 

Ixiiled for a few minuter, il datlen* ufad^IIjr but n> prrci?iiair ij 
forr-eij unlen II li a'Jewot to *tind for a«nc limr If a wlJtion ol 
aro-ti'TsI It Irrjieil with tJJote bydrocblone aenl tlrrr i™lil* i» no' 
rreeipitateil. If ibi< tnulore ii now IrMted. the » Irrr '• cratJ 

al'r preeipila'ej. U.Iute aoJutiont of neoiilrol di not di»eoJor la tuii 

J‘f‘il (abeenre */ eifier ikUr\it ami eifter bpeiniJe> 

Traeiffr about I Ccs. of »eo-aiJ»of. acounteir weitkeJ. to an 8 oiin« 

rfleiiiBej'er fjik containing IPO ec water tnj brat on aieam Mia 

unlil “aoln'ion^’ it cltrefrd AdJ 5 ee. of ‘‘"...V’rTrmit 


It of tiltcr Iodide. 


Simple Silver Salts 

SILVER CITRATE.— Argents Citras.— AgiCtHtOi- 
The normal siher salt of atric aa<l 
/idiom and Usfs ~SiX\or citrate is a rel3ti«l> nonirritating 

antiseptic. , , 

It is used in tlie treafment of wourels, ulcers, gonorrhea, and 
other diseases of the mucous membranes 
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Dosu/r — It iin> Iw applicti irt subttiiicc to wounjj Solu 
iKHis of fn in 1 in 4lK¥)f) to I m lOOflO .irc tluxi for jnjittun 
into tilt It kU ciMtKs tiK urethra etc 

Solution of Cline acjtl i* n^uirilttrl wiili » •! iim caTl<oiate anl a 
» hiiion of tilvrr nilratr atlrl with cnntiatil flirrmit The pfccip me 
M aDowcl |£> aul ti !e waticl wuh «rjier, an J ilnnl on tofoue p'aiM 
Thf fnlire opeiaiion iiitni br condurird under irolcciion from ihelifhi 
SiJvrr citrate ( rmi an pif rle«« Ifxvf powder, which i» nwlertttly 
icimtive to the IirK It •* altnocc tntoluble «n water rnre »il»er 
tUtalr when hrale t to te)nr»t Icavci a reotur of rortall c j Wri 
wciching 6J l(i |cr cent of the wci|.ht of the original lalt 
It ahoull le rarrfutl; protretr I from the | eht 

Silver Citrate-Merck — A braix] of silier citrate N N K 
On licatiiiK It jichK nut less llnu 62 ficr cent of metallic sihcr 
^tfrek & Co ttc I altway S I d «lril nfor So U 5 pairnt or 
Ira lemarL 


SILVER LACTATE — AtRenii Lactas — AgC.n.O>+ 
HiO — rhe Ilf null silver snit of lactic acitJ 
Actions anl Lscs — Silver htUle is used as an active anti 
ivcptic 1 he I \n 300 to I in 500 nqueous solution iJ said to l< 
eriinl m ilisinfcciiiiR iKiwer to a I m 1.000 solution ol mercuric 
chloride It is imlating if applied in substance to tvounds 
Dojoje— Prom 1 in 100 to I in 2000 solutions 


*vilv«t laeuic \* ifctit*,! by d»»votvlws fttihly ptetipitved 
carbonate in a loluii n of laetie ac> I by the iiJ of beat, and eoreen 
Irani g the lol inon until ctjatalliration begin* The operation inu^i 
bo cnnduetrij in a darkened ro«m , 

Silver Iteiito occur* «n lUo form of cry»iallme needle* eranuiai 
It attes or ecviialtine t'owdet «t diivotve* in about IJ parti of witre 
Pure iilver lactaie when healed leave* a re*)due of metal! e iilver 
weighing SOd per cent It i« utuallv colored lomewbat brown aou 
give* with water a ►'"'wniiti or re«lli»h • tulion The »alt muit be 
I rotccted from the light. 


Silver Lactate-Merck — A brand of silver lactate K N R 
On hcitiiiK It >ic1tls from 50 to 515 per cent of metallic silver 
Mertk & Co Inc Rahway N J distributor No U S | alent or 
trademark 


SILVER NITRATE— lor description see the U S 
Plnrniacopcia ami Useful Drugs under Argenti Nitras 

Amfoul* Solution SiUrr Ntlfole t Per Cml Cnttrr Solution silver 
nitrate 1 per cenl appeoxin aiely 0 2 cc coniajned in »nipuies eomposeu 


of beeswax 

Dotage — For the prevention of opbthalmia neonatorum t' 
placed in each eye after prel minary cl anung 

Prepared by the Culler Laboratory Perkeley Calif bio 
or trademark 

Amfule Sol, I, on Sil er N.frofe J Per Cent Lederle Solution silver 
nitrate 1 per cent approvimatefy 0 2 ce contained in ampules compose 
of beeswax , 

Dotage pinhole i* made at one end of the ampule and alter 
able preliminary cleansing of the eye two drops are placed in ea y 
of the newborn 

Prepared by Lederle Laboraione* Inc Pearl Ki 
patent or trademark 


ao drops are 
u S patent 


f, V No U S 



IS to tx ust<j but once 

Prtfareil bf T»pMn Zee Surgico] Co , N V \ U '«• I'al'-ni 

or iraOemart 

SOLUTION OF INVERT SUGAR-tlLLY - \ solu 
Ijon of a rrHXture of dcxirose and levulosc obtained by the 
inversion of sucrose 

Aehans and 1 /m — SoJuuon of >nye« »usar~Lt}ir »» usetJ m 
the inicction treatment of wncose vem$. U ss tlaimed that the 
use of sugar solutions such as sotudons of dextrose or ol invert 
sugar have the advantage over sotutiorts of sodium chlonde 
sodium saticylate or mercdric chloride in titat. they do not cause 
severe cramps or sioughing if acodentahy in}tcted outside 
the vein 

Dosage— Depending on the sire of the veirv, from 5 to 20 ec 
of solution IS in;ected For young patients whose veins react 
(0 solutions of less concentration, solutions cofifcitcting from SO 
to 60 Gm of invert sugar w 106 cc are used, for older 
patients and sancosities of long standing, a solution containing 
7S Gm of invert sugar in 100 cc is used 

Manufactured b;r CI> Ldtjr S, Co . Indianapcdis No U S paicnl oi 
itadematk 

SoIut.cH of I^virt s*9af Utty. S m /« Cf 

d'otklioB of /uteri fuser-iiffy, e Cm m 10 er 

SolHhgn of Sn\4it SMOt Lilly, T f Cm m {9 c<c 
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16 per cent of iniert tuear calculated from its copper reluein; power, 
*^25* ***™''’*’^ tffaris of the polariicope has a specific rotation of 

o — between — J6 and — JS5 

D 

Dilute exaelljr 10 cc of the oneiaal to exactly 500 cc., transfer 
10 cc of this solution to a 250 cc beaker and assay for invert suirar 
according to paragraphs 55 and 56 on pages 190 and 191 of the 1955 
edition of the A O A C Manual the amount of invert sugar is 
within 5 per cent of the amount claimed Transfer 50 cc of the pre* 
pared solution to a 100 cc standard flask, invert according to paragraph 
25 C page 187 of the A O A C Manual and assay for sucrose accord 
ing to paragraph 23, page 189 of the A O A C. hlanual the weight of 
sucrose is not greater than 4 per cent of the weight of invert sugar 
found 


SULPHOICHTHYOLATE PREPARATIONS 
AND SUBSTITUTES 

Preparations containing as iheir essential constituents salts 
or compounds of a mixture of acids containing sulphur and 
designated by ifie group name “sulphoichthyofic acid' arc 
obtained from certain bitumir '* * • • ' - ' 

IS characterised by a high su • • 

largely in the form of sulp 
The ammonium compound of 

—first introduced as ichthyol — lias been used most e'ttensttelj 
Compounds with sodium and other metals, with albumin, with 
formaldehyde, etc, h3i,e also been introduced 
A number of more or (css related compounds of sulphur hate 
been introduced as substitutes for the sulphoichth>olates, and 
the National Formulary contains a sulphoichthyolate prepara 
tion under the title, “Sulphonated Bitumen” 

/Jettons and Uses — The current estimate of the effects of 
suiphoichthyolic acid preparations is based largely on the use oi 
ichthyol The use of sulphoichthyolate preparations is still 
largely empiric They are wcaUy antiseptic and emoJJient 
Taken internally, they produce some gastro-mtcstinal irritation 
with diarrhea, etc 

They were formerly used locally under the supposition that 
they secure the absorption of swellings and effusions in con 
tusions, bums, etc , and especially in gynecologic practice, and 
m various skin diseases They base been tried internally m a 
great \ariety of conditions, but there is no evidence that they 
are of any therapeutic value when used in this way 
HIRATHIOL — Ammonix Sulphoichthyolicum “An 
aqueous solution of a synthetic product, the important meaicinai 
constituents of which are ammonium compounds containing sul 
ohur in the form of sulphonates sulphones and sulphides it 
complies with the standards for Sulphonated Bitumen, N r 
Actions and Uses — See preceding article, Sulphoichthyolate 
Preparations and Substitutes. 
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Manufactured by Hirasawa Cbemical Induitriat Company, Totyo. Japan 
(Takamine Laboratory, Inc , Ctifton, K J , U S selling agent) No 
U. S patent. U S trademark 117,964 

Ilirathiol IS a brownish black syntpy liquid, having a characteristic 
empyreumaiic odor. It is soluble m water, glycerin and alcohol It 
IS miscible with fats 

The ai^eous solution of biratbiol (1 in 10) is faintly acid to blue 
litmus Tbe aqueous solution (I in 20) yields a greenish black, resm- 
like precipitate on the addition of bydrocfalone acid This precipitate 
IS soluble in ether, it is also soluble in water, but if dissolved in the 
latter solvent, it is again precipitated by (he addition of hydrochloric 
acid or sodium chloride solution 


potassium hydroxide solut on and 100 te. of water Distil the mixture 
until no more ammonia passes over, collect the distillate m _!S cc of 


i portions of 5 ec each of diluted hydrochloric acid, shaking after 
each addition Make up the mixture to a volume of 500 ee and niter 
through a dry filter Heat 200 ce of tbe filtrate to boiling, add 10 ee 
ot barium chloride solution and allow the mixture to stand for twenty 
»ur hours. Collect the precipitate of banuio sulphate, beat and weigh 
THa weight of batiutn sulphate obtained eoteesponds to 6 16 per cant of 
ammonium sulphate 

Weigh from 0 5 to t Cm of biraihiol into a KteUabl flask, add 
30 ce of water and 5 Cm of potassiuni chlorate followed by 30 ee 
oi nitric acid, and evaporate the mixture to about 5 ee , add 25 ee. of 
hydrochloric acid and evaporate te $ cc. again add 25 cc of hydro 
eblorie acid and evaporate to S ec Then add IDS ee of water, beat 
to boiling and add 10 cc of barium chloride solution, allow tbe oixiure 
to stand for twenty'four hours, collect tbe precipitate of barium lul- 
ehate, beat and weigh the weight of barigai sulphate corresponds to 
10 2J per cent of total sulphur 

Lalculate the ammonia obtained m (he ammonium sulphate, as pre 
viously determined in hiraihiol. and subtract the result from ' total 
ammonia" as previously delermiDed Multiply the remainder by the 
factor ISS the result represents ibe sulphur preseot a< sulpbome 
sulphur ■’ Calculate Ibe sulphur contained in Ihe ammonium sulphate 
as previously deiemuned in biratbiol, and subtract tbe result from 
sulphur" at previously detemiined Ihe remainder^ (8 74^ per 


cent) 


... j.... sulphonii 

'•■i^meu ID the substance Subtract Ibe "sulphonic sulphur" i 

lously calculated, from tbe sulphur in Ihe organic acids, as pre 
er corresponds to 5.73 per cent of i 


cids 


ICHTHYNAT. — Ammonium Ichthynatum. — An aqueous 
solution, the important medicinal constituents of which are 
ammonium compounds containing sulphur in the form of sul- 

phonates, — •* • •*-- ' ... rr— 

of sulphu 
obtained 

standards , • 

Actions arid I/j«. — See preceding article, Sulphoichthyolate 
Freparations and Substitutes 

Jfanufaetured for the (feyden Cbcmical Corporation, New York No 
U. S. patent. U. S trademark 44 053 
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lehthynat is a brown UacL, ayrup/ liquid having a characierisiic 
empyreomalic odor and burning uste 

It IS completely totuble in water, incompletely soluble m alcohol 
OT ether, bin nearly soluble in a mixture ol equal volumes of aleuhol 
anil ether, also soluble in a mixture of equal volumes of alcohol, water 
and ether It is miseibte with glycerin Ichtbynat is decomposed by 
acid and saline loluilon, fixed alkalis, their carbonates and iodides 
alValoidal salts and mercuric chlonde 

The aqueous solution of ichthynat (I in 10) has a family acid reae 
non on blue litmus pauer The aqueous solution of icbtfaynat (1 in 10) 
yields a greenish blaefc, resin tike precipitate on the addition of hydro 
chloric acid This precipitate •'>» , 

in alcohol, soluble in water, t • • • 

may again be precipitated from • 

acid or sodium chloride aoluiH • • 

aqueous solution of ichthynat • 

cipitate which iS insoluble in di 

solution of icbiliynat (I in 10) • * •• 

non, ammonia is evolved tf 1 • 

not more than 0 S per cent o • 

diluted with 90 cc of water, the mixture placed in a class stoppered 
cylinder ani allowed to remain undisturbed (or twenty-tout hours, no 
deposit will form 

If dried at 100 C, ichthynat will not lose more than 47 0 per cent 
of Its weight (absence of an undue amount of nafer) If from 5 to 
6 Cm of icbtfaynat ts weigbed into a flask, and 2i ce. of potassium 
hydroxide solution and 100 ce of water is added, the mixture distilled 
until no more ammonia passes over, the distillate collected in IS ec 
of normal tulpbune acid to which I drop of methyl orange solution 
has been added and the excess of acid then titrated with tenth normal 
I'otassium hydroxide, (be amount of normal sulphuric acid consumed 
will correspond to from ) to 5 per cent of total ammonia (Nili) I' 
(rom $ to 6 Gm of ichthynat ts weighed into a beaUer. diluted wiili 
SO ce of water 10 cc of a 10 per cent solution of dried egg albumin 
added, followed by five portions of 5 cc each of diluted bydroebloric 
acid, shaking after each addition, (he mixture made up to a volume 
of iOO cc and filtered (brougb a dry filter, and li 200 ce of the 
filtrate la heated to boiling, and 10 cc of barium chloride solution is 
added, the mixture allowed to stand for twenty four hours, the pf* 
ciiitate of barium sulphate collected heated and weighed m the usual 
way, the weight of barium sulphate obtained will correspond to from 
S to 7 per cent of ammonium sulphate If from 0 5 to 1 Cm oi 
ichthynat is weighed into a Kyeldahl dask diluted with 10 cc of water, 
and S (jin of potassium chlorate added, followed by JO cc 
acid, the mixture evaporated to about 5 cc , and 25 cc of hydro 
chloric acid added, this solution evaporated to about S cc. 25 cC ot 
1 ' . ... )ut 5 cc 

. . . j| baouio 


. enty four 

, . weighed 

, spend to 

the ammonium sulphate as previously determined m ichthynat is 

calculated, and the result subtracted from the ‘ total ammonia a 

previously determined, the remainder will represent the ammonia com 

bined with the organic sulphonic acids If this value la 

1 83, the result (from 3 to 5 per cent) will represent the sui^pM- 

present in the sulphonic acids m an oxidized Slate, : e , the 

sulphur ” If the sulphur contained in the ammonium sulphate as pr* 

ously determined in ichthynat is calculated, and the result 

from the ‘ total sulphur" as previously determined, the remama^r wi‘| 

represen* ■ • 

in the St • • 

calculate • 

as previc ■ ■ ' 
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ISAROL-CIBA. — Sulplioiutcj Bitmsieii. N F — A prepa- 
ration obtaincil by dry distillation of bituminous shale The 
distiibte IS sulphonatcd with sulphuric acid and subsequently 
neutralized with animomum carbonate The product complies 
with the standards for sulphonatcd bitumen, N F 
Actions and Uses — See prceednit article, Sulphoiclithjoiate 
Preparations and Substitutes 


^tanufaetured by ihi’ Societv of Cbenucat laduiio in Uiilc, Swiiarr 
tsnd (Cibl Company Inc, New York) No U S pa'rot U S trade 
mark, 57.00? 

Iiarol Ciba n a reddabbroirn to bromiijb Mack syrupr JiqukI wab 
a sltons cfiaTaticT.alie tmpjtrrumaiic odor It is aJubte m water aa-i 
in elveerin, amt ij mitoble wiib ftxtd oili and tala it y$ partly toluMe 
in alcohol or ether, and entirety toluble in a mixture of eiua) rolumes 
of tbese tolventa An aqutoas solution (t in 10 ) may be faintly acid or 
family alkaline to iidnus paper. Xhe addition iif bydrocblone aeni 
to ibis aaluiion prerit>>iaies a dark reamous mass which is soluble in 
ether 

Ineiiterate a weighed ro'i'OR a( isarotCiba the ash does not exceed 
OS set tent Ory a weizhed po-tivn on a watte bath to eonstani 
wetgat (he lost ii mt more than 50 per ceni 

Atourattly weigh about S Cm of isarotCiba, dissolve i" ** 


of water, transfer to » distillation flask, add a 


I ef tedium 


alcohol uni.l the washtnga are elear and eoiorleta, dry the residue on 
the Alter at lOO C, cool, and wash _ibe Alter wilb 200 ce. of warm 


wasbinS' drying, ter icing and weighing, calculate the results to sulphur 
the total sulphur sboulo not be less tnan 10 per tent 


THIGENOL-ROCHE — Solution of Sodium Sulpho- 
Oleate-Roche — A solalton of the sodium salts of synthetic 
sulpho-olcic-actds, containing 285 per cent of sulphur 
Actions and Uses — See preceding article, Sulphoichthyolate 
Preparations and Substitutes 


I F ffoffmanft La Roche £ Co , Basle. Switeerlanri 


.. j e plyeeride of olcie 

.. . .esultirg soluiuin le treated mib emphuric acid during which 
sulphurous acid escapes, and a aulpho oleic acid is separated 
The separated sulphoaesd is then obtained by pour.ng into water. 
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and aubsecjuently washing (boroughlr By treatment witb aolution of 
aodium hydroxide there rcstilta a eolution of sodium tulpbooleate 
which la evaporated tn taeuo until it has a specihc grayity of from 
1 05 to J 05 

Tbisenol IS a dark brown liquid haying a faint sulphurous odor 
It IS soluble in one or more parts of water dilute alcohol glycerin 
chloroform or oily or fatty bases with any one of which it mixes 
freely when water is the vehicle employed it should be d si lied 
hard water will cause a precipitate 

Thigenol is incompatible with mineral acids or acetic acid 


SULPHONMETHAIfES 
Two analosous compounds formed by the substitution of 
sulphone radicals m methane have been applied in therapeutics 
The first, sufphonmethane U S P fsulphonal) is dietfiylsul 

ph • • f n 

S 

ha 

and Its hypnotic action is but slowly established, sulphoneinyi 
methane is somewhat more soluble than sulphonal and acts more 
quickly Doth drugs are preferably given m hot liquids, and 
in the case of sulphonmethane, the hypnotic effect is Jikely to 
be postponed for several hours Sometimes it is not devel^ed 
until the following day Sulphonethylmethane is usually enec 
five in an hour or two 

The sulphonmethanes in therapeutic doses produce sleep 
without noticeable effect on the circulation or respiration In 
larger doses, acute poisoning occurs, evidenced by distur 
bances of the digestive organs the metabolism and the ner 
vous system \Vhen administered for too long a period 
cumulat oti is likely to occur producing a condition of chronic 
poisoning which terminates fatally lO a large percentage of 
cases In such cases hematoporphyrm derived from nemo 
globm turns the urine pink or This should serve as a 
warning indicating the immediate withdrawal of the drug 
The symptoms of poisoning consist of persisting contusion 
ataxia constipation vomiting, albuminuria and nephritis 
Dosage — The usual dose of either sulphonmethane or sul 
phoncfhy/methane is 1 0 Gni with a maximum of 2 Gm for 
the first and 4 Gm for the second When these drugs are 
used frequently, the administration should be suspended once 
in two or three days to allow of complete ehminatioo ana 
the urine should be examined frequently for hefnatoporpnyrin 

SULPHONMETHANE—For description sec the V S 
Pharmacopeia and Useful Drugs under Sulphonmethanum 
Actions, Uses and Dosage — See preceding article Sulphon 
methanes 

Sulphonal — A nonproprietary mme applied to sulphon 
methane 
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SULPHONETHYLMETHANE. For description see 
the U. S. Pliarmacopeia and Useful Uru^s under SoJphonetb>’J* 
methanum 

Trional. — A nonproprietary name applied to sulphonethyl- 
melhane 


SYNE — 

aminoetha 

Tartrate. 

Tartrate 

benzene ' . • , 

The tartr 

Actions and Uses — Synephrm tartrate is used as a vasocon- 
strictor. It IS less toxic than either epinephrine or ephedrine, 
and its vasoconstrictor action, while not so pronounced as that 
of epinephrine, endures for a longer tune In combination with 
procaine hydrochloride, it is useful lor local anesthesia in dental 
operations and in nunor surgery in cases in winch a liloodless 
area is not required Clinical experience indicates that it is 
about One fiftieth to one hundredth as active as epinephrine 
Its reaction on smooth muscle causes relaxation of the intes- 
tines and of the bronchial tubes, dilates the pupil, and increases 
the muscular tone of the uterus Injected into rabbits, it pro- 
duces a hyperglycemia from one to two hours after the injec- 
tion; also a slight glycosuria Applied to mucous membranes, 
It causes contraction of the capillaries, thus reducing sweffmg 
and congestion of such membranes. For the same reason it is 
used for shrinking swollen turbinates When used 5n the nose 
It is stated not to have a tendency to cause local irritation or 
sneezing. Injection of a solution of syneplirin tartrate, 1 per 
cent, With procaine hydrochloride, 2 per cent, induces local 
anesthesia of about thirty to forty minutes’ duration In hay 
fever and asthma, sj'icphrin tartrate administered orally or 
hypodermically has given relief in iwld attacks and has relieved 
the coughing spasms ol asthma and of pertussis 

Uosar/e —From OJ to 02 Cm {lyi to J grams) three times 
daily. It IS administered orally, hypoderniically, or by appli- 
cation to the mucous membranes of the nose or the eje 


Mamifaclured by rrn3<ri<fc 
pslert t.iiSO.OSS (Auj 7, 1925. 
Tyntffintt Tartrate 


Slearns ft ComTiany, DelToii U S 
expiref isrs) XJ S trademark 90, HZ 
JSi Srttephnit tirlrale 3 per rent. 
tnd acMtium cbteride 0 8 p^r cent in die 


'artrale Salal'a'’, S % Sjiwpbnn larirate J 
e 02 per cent, and imliDm cbloeute 0 8 rer 


tilled water. 

SynefliriH Tartrate Cmalfot Plain Sioepbrtn larfr 
indium benroaie 0 I per erni, in an eoiulsMn o< oil of s 
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Sinefl r<n Tartrate Ltniihton Campound Synephrm tartrate 2 S per 
cent sodium bemoate 0 4 per cent, camphor 0 07 Per cent menthol 
0 052 per cent and oil of red thyme 017 per cent in an emulsion of 
oil of sesame and aricm with distillel water 

Synephrin tartrate occurs as fine white odorless crystals It is 
rea lily solid le in col I water and col | alcohol The aqueous solution is 
neiilral to litmus It rotates the i lane of polarised 1 eht to the right 
H melts between 182 and 18S C, with decomposition (the rale of 
heating must le strictly according to the U S P \) 

Dissolve 0 10 Cm of syncpbrin tartrate in 1 0 cc of water, add 
S drops of ainmonii water and nih the walls of He lest tube until 
crystals separate I liter by suction Hash with 5 cc of cold ivaier 
and stick as dry ts possil le Dry on a porous plate when dry deter 
mine tie melting point the free lase obtained as j ist described melts 
at 183 185 C wilii decomposition (The temperature of the bath must 
be raised at tbe rate of 5 6 degrees per minute ) 

Dissolve 0 05 ( m of synephnn tartrate tn a test tube in 2 cc of 
water add IS drops of silver nitrate solution followed by 1 drop of 
ammonia water^ and place in a water lath previously heated to 70 C 
after a few minutes a silver mirror forms on the inside wall of the 
test tube Dissolve 0 05 Cm of syneihnn tartrate in 2 cc of water 
add 2 drops of glacial acetic aeid I drop of ferrous sulphate solut on 
(freshly prepare 1) md 3 drops of hy Irogen peroxide followed by an 
excess of sodium 1 y Iroxiije solution a deep amethyst Color forms 
Dissolve 0 05 Cm of syneihnn tartrate tn 3 cc of water, add 
2 drops of Sliver nitrate solution no precipitate appears (ohrmre e/ 
e//ariaej) 

Transfer aboit 0 2 (.m of synephrm tartrate accurately weighed 
to a 500 cc Kjeldahl livsk and determine the nitrogen content accord 
ing to the method described m Laboratory Methods of the U S Arms 
Charles L Craig 1929 p 38 tbe percentage of niirogen correiponds 
to not less than 5 7 ncr more than 5 9 per cent 


SURGICAL MAGGOTS-LEDERLE-riy lirtae of the 
species Pliormia regina and Lucilia sencata Marketed in 
bottles eontaining approximately 1,000 m a medium eomposed of 
desiccated hog’s liver and 1 per cent nutrient agar 
^cfidHi at:d f/iCd —Surgical maggots Ledcrle are proposed 
for use in treatment of chronic osteomyelitis and other suppura* 
tive infections, it is beliesed that the maggots clear away 
devitalized tissue after operation 
Dosage — The wound is filled with maggots, which are allowed 
to remain for about five days, when (hey are flushed out with 
physiological solution of sodtum chloride the wound is men 
swabbed and a fresh supply of maggots is implanted The 
average course of treatment is for six to ten weeks, the s^tua 
number depending largely on the size of the infected area an 
the individual response of tbe patient Apparently, a 
IS generated which becomes increasingly destructive to t 
maggots, since they can live m the wound only a few nou 
after several implantations The antagonistic reaction 
m different patients The product is forwarded to Phy^''^'^ 
according to a schedule which is designed to insure an acti 
product „ Y 

Manufictured by tbe Lederle Laboratories Inc Pearl River, « 

No U S patent or trademark 


TANNIC ACID DERIVATIVES 4[y 

Fly «sgs of Phormia recuu aod Lucilia ssricata are disinfected in 
JO I'cr cent neutralited ''soJutian of {ortnaidebyde" Cl 10) iuc i I’criml 
of three minutes 1 be di&infocted eggs are rmsed seversi times viilh 
sterile distilled ivater and transferred bj means of sterile forceps to an 
"luloclaved culture medium composed of dcstccaied hrsj’s liver, and ! per 
cent nutrient asar 'fbe ncnly hatched tnagBots are tested for the 
presence of aerobes and ni»strob« hjr siiocvtatins duplicate sets of broth 
fernientalion tubes and deep meat liibts The msgsois are held in the 
icebox at 4 C to obtain a maniinuni ot a forty-eight Tioiir readme on the 
sterility tests before sliipiung The maggot* are shipped on toe liver- 
agar medium, which proxide* the moisture etseniiai for their mam 
tenance I> has been found jmssilile to ship the tnaggets under conditions 

thol retard llieir growth tun retam iheir viabilnv 


TANNIC ACID DERIVATIVES 

The pharmacologic actions of tanmc acid are due (o its 
properly of prcctpiiatmg protein IniernaUy, tannic acid has 
been used in diarrhea , but if lannic acid is giivcn as such, it 
•s rapidly dissolved tn ihe stomach, and may then produce 
excessive gastric irritation, nausea and even vomiting. The 
destre to avoid tiiese effects has prompted the introduction of 
relatively insoluble compounds of unmn, which would act but 
little, if at all, tn the stomach, and whose action would extend 
farther down the intestines Hits was sought to be accom- 
plished by utihring the differences in reaclion (hydrogen ion 
concentration) at the various levels of the alimentary tract 
It wag therefore aimed to make the compourcls insoluble in 
diluted acids, and soluble m diluted alkalis This object 
has not been entirely attained and is probably not really 
desirable m view of the frequent slightly acid reaction of the 
intestinal contents h is probabi) more imporia.nt that the com- 
pounds should be but slowly soluble in any reaction that occurs 
in the alimentary tract 

TyPfj of Tannic .'iad Drrnativcs — Four types have been 
marketed. (I) organic esters of tannic acid, represented by 
acetyltannic acid (accfyltaniiic acid-U S P, tannigen) , (2) 
coagulated tannin protcinate, represented by exsiccated tannin 
albuminate (albumin tannate-U S f* ) . (3) tannin caseinate 
(protan) | and (4) a heterogenous group of other compounds, 
such as bismuth salts of tannic acid, etc The chief criteria 
for evaluating the tannic acid compounds are Uieir solubilities 
or speed of hydrolysis dunng various reaction periods in acid 
and alkaline solution, with or without the addition of ferments 

finforloiuo of Diffrreturs m in/Bbi/cfj — All the compounds 
are somewhat soluble »n water, but «oi sufficiently soluble to 
affect their therapeutic usefulness from the tatter stand- 
point. the sohihihty m aCKt gasinc juice .ind the solubility 
in sodium bicarfHJiialc sofuiion, represtming the nuximunt 
alk.ilitiity of the uiiestmcs. are most important The speed 
or slowness of sotuuon is at Last as miporiant as the abso- 
lute rolubihiv 
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InsoJubt/ify in acid gastnc juice wou/d be desirable, theo 
rctically, by precluding iindesired gastric side effects In 
fact, however, it is nrobably not important, provided that the 
solution IS slow, or that the tannin is taken with food Of 
the three tjpes, the aceiyltannic acid-U S P is the least 
soluble in gastric jmcc, albumin tannate-U S P is fairly 
soluble, but the solution occurs rather slowly, protan is the 
most soluble, and the solution occurs more rapidly 
Solubility in sodium bicarbonate solution is, of course, 
necessary, in fact, the fraction that does not dissolve is 
merely inert ballast in the therapeutic use which could, how- 
ever, be compensated by increasing the dose (all three classes 
contain about half their weight of tannic acid) The most 
important point is, therefore, the speed of solution The more 
rapidly the tannm is dissolved, the more intensely will it act 
on the upper intestines, and the less on the lower portions 
In the case of acetyltanmc acid*U S P , the ester must also 
be hydroljzed before it becomes astringent The rate of this 
hydrolysis of acetyltanmc acid U S P is about the same as 
that of the solution of albumin fannate U S P , m both cases 
requiring more than three /lOurs for completion Under chotca) 
conditions a larger part of the albumin tannate*U 5 P will 
have been dissolved m the stomach, and it will thus exert a 
rather stronger action m the duodenum, and probably extend 
its action slightly less into the lower intestines Clinically, how- 
ever, the difference does not seem to be large 
Protan, on the other hand dissolves completely within half 
an hour, so that its action would be much greater in the upper 
and much less in the lower intestines 
Disltiictive Differences m Soliibtlit} — All the compounds are 
somewhat soluble in water, acetyl tannic acid U S P, not 
more than 7 S per cent , albumin tannate U S P , not niore 
than 20 per cent protao about 16 per cent Artificial gastnc 
juice facid pepsin solution) dissolves acetj I tannic acid U S P» 
less than 7 5 per cent, m two hours, albumin tannate U S V > 
less than 25 per cent, in one half hour, less than 3S per 
in two hours, protan, about 60 per cent in one hall hour, 

72 per cent, in two hours Dilute alkali (1 per cent sodium 
bicarbonate) hydrolyzes from 33 to 50 per cent of acetyl 
acid U S P in one half hour, 75 per cent is hjdrolyzed an 
85 per cent dissolved in three hours Of albumin f^nMte 
U S P . It dissolves from 35 to SO per cent in one half howr 
and more than 70 per cent in two hours Of protan, it dissolve 


9S per cent m one half hour 
Actions and C/ycf— The sparingly soluble 
arations are used m diarrheal affections, particularly 
children They should not be employed as the 
live agent, but as an occasional adjunct to the proper 
™<! tottuc Kmedies ,vhm ,l.e 
As has been explained, acetyl tannic acid U S ^ 
tannatc U S P act at aff levels of the intestine Acetyl tannic 



THIOSINAMINE 


■l-’J 


acid-U. S. P. might be expected to act somewhat more inildJy 
m the duodenum, and to extend its action somewhat more effec- 
tively into the lower intestine, but clinically there does not 
seem to be much, tf any, difference Protan would tend to 
expend its action mamfy on the upper intestine. 

ACETYLTANNIC ACID. — For description sec the U S 
Pharmacopeia under Acidnm Acctyltannicum 

Actions and Uses — See preceding article, Tannic Acid 
Derivatives. 

Dosa'/e . — From 02 to 07 Cm (3 to 10 grams), four times 
per day, taken dry on the tongue followed by a swallow of 
water, or mixed with food, avoiding warm or alkaline liquids 


Tannigen. — A brand of acetyltanmc acid-U S P 

Manufaetured by The Payer Company, Senatelaer, N V (Winlbrop 
Clittnital Cornpanj, Tnt . Sew York, dismbutor) U S raitnt eap'ttJ 


PROTAN. — Tannin Nucleo-Proleid-Mulford — A clienncaJ 
combination of easem with tannic acid containing about 50 per 
cent tannic acid 

AetioHs and Protan is said to be useful as an intes- 

tinal astringent m all forms of diarrhea 
Dojff<7e.--For infants and children, from OJ to 06 Cm. (5 to 
10 grains) e\ery hour, in acute eatarrini diarrhea (cholera 
morbus), from I to 2 Gm (15 to .10 grains) every one or two 
hours; m chronic diarrhea, from J 3 to 2 Cm (20 to 30 grains) 
every hour or two hours 








I Wuiiun ot (inmc scid 
nd drying ihe preeipitale 
■ ■ ■ ■ ■ ' I from Mlrinjent 




.. .. t lifihl broi... - - , . 

on Die moutb and «ioni3rl> in«ilubie in »airr or dilute scidr. inj 

dor* rot roii(ul 2 lr albumin or rrrei|uUte |>rriin or ).eptnnri 

When prolan uTiali n wilh nairr and fillrrril a eolorleii anlunnn 
rbmild be obtaineii i»h*rh abtndd *i*e no! more than a fainl Irare of 
ri.lor »ilh ferric cbloridr aoluiion ahowitie abaence <-f more than 
Iraeei of free luncunbinriJI lannic aei.l The re<it!»pe« of Piotan in 
ihe action of Ihr g-ntrit itiice Olay be ahoarn by mumK 2 Gm 
at 100 C) niib ^t> ce of 02 per cen» hydrechloric acid ccmtammu 
ten iimei Ihe iheorciKal am uoi of I in J 000 periin nrceraary to 
dicert the prolcin prcrroi, oarmin^ ao 40 C for »is houri. filirring 
alt the reii.lue Jtying and oeiKhlne from 60 In ‘0 per ernt of llie 
amount tahen may tbue le rrcunereij Ybe laiinin may bo,( h* .t,i^.. 
nej by riilfetrncr ihe eaaein beinj defermineij by d< 

.V- I ..1 I-I.I n..- -orchv'l and »- .v- 
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THIOSINAMINn. — Thiosin3mina.--AllyI Sulpltocar- 

tmnii.lf — Ith-lJlnm — (NTWCSNHCi/,CJJ;CJJ/ — Ally- 

llucnirca 

Actions o’J Uses — Ttnoviiiainine ij being used against 
arjphenaimne derm.ititi* (Thiostnamme m the Treatment of 
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Ar${>ficinmme Dermatitis, S S Grwnbaiim, J A M A 83:3.5 
(July 5] 1924) Tins use is still in ibc ejt;)er«mfnt3] sta^e 

Tluosinammc s%n« nriRinally introdiicccl to promote the 
afjsorptioti of scar-fiss«c, lymphatic ssscllinRs, etc Clinical 
opinions as to its cfliciencj arc conirathctory ; but its restricted 
osc mc/icites (fiat it fns httic, if any, situe for this purpose. 

AlthouRh It IS tistially well I>ornc, except for the bitter taste 
and acid eructations, it may produce toxic systemic eflccts {diges* 
tuc ifi'tiirbancc. lasMtirUc fexe-) \j /! .U /I 5G*835 JMarch 
18) 1911). and ilic^e ma> set in ‘iiddcnly after it lias been u'ctl 
lor a time xMlho'it toxic effects In animals relatixely small 
doses prwfucc sescrc changes in itictalwlism and parcnclunatous 
(kficneration but without eiMlencc of connectne tissue changes 
t-arper doses impair respiration (Tyrodc. Arch Interral 
riiarmaeol 19 195. 1910) 


Dosage — Against arsphcmtiiinc dermatitis, Greenliaum tecom 
mends 02 Gm dissoKcd m 6 cc of distilled water, with the 
addition of 1 or 2 drops of a 2 per cent solution of glycerin 
injectcil daily, hj scin 


TIitMinatnii e won* 41 •li’r (lie mine |ri<m>ii eryitjls ^arln5 
a Rarlie like ol >t an I t ilin ia»t< It Tr<ti» ai '0 1 > 74 C . form rg a 
CKlnrlrit liqind Im at hightr imtffatufe, tt yielts while valff* 
atkatme (n Tcaenon tn litmix paj^r an 1 a earl«raeeoui re« in* 

It I* aoljiUe in wji«r <1 jari m 17 parij 0 / wa er) itttXj loluble m 
ateohol ft lart m Z ra'U «t ate h«l) not *0 »'-luU< in ether ThiS'in 
aaiine i» lijr<lro1)r»riJ f)» water 

Poit I ee ot ihe taitiraird a>) leotis a>lition wiih I ce o( 
hyitroside lotuiign for i»o ninuie* aci«l>fy wnh aretic aeij aau aoi 
t ec of fea I aceiaie < hiiton a Haek pfeci,'*nate at leaf <t irhiie i"J^ 

Aitd J ec of nereiiiic eh’orife «o)uiion to 1 te ot ihe »WJT*lew 
aijneotii «nIiiiioii a wliie fieeipitate forias. when hraiel in *he lei* 
tube to tiO'liiiB otef a hoiHeii Itj t e n> <1i'eo’oraii ii take* pUee 
1 cc of mereiirodt iiiir.»ie «oliii> n 1 1 t ce of Ihe a^ieoii' •''luliott » 
Stay prpcipiiaie f oim wtneb on ntakmc ih« •otuiion a nmoniaeai furni 
yellow, then daik aksm all 0»op l>> Uop OS cc ot svWtt niitaie 

eotution (2 5 in eeiiil to l cc of the «lurate>t aaucoui lolulion, » 
milky while prccii iiair forma ilieo a«ll alowly 3 5 cc of sUcf 
•olulion the precipiiaie first disroUca in *»ce»s of ihe Teai»cnt 'hen • 
voliiiTifioua while <r browni«h while preciritale form*. Heat ihe 
lube eonlsininK lie irecipiiale over 3 lumen flamt a silver 
forms on the gUsi . 

Icnite alnut 2 (,111 of ihiosmamine, accurately weisoC'l 1“* 
ihouW not he more iban 0 05 pci cer»t 


THORIUM SALTS AND PREPARATIONS 

The soluble thorium salts bear a close resemblance to alum 
m tlicir local astringent anil irritant properties ^ 

absorbed from tbe alimentary canal HypoOermicallv, they 
cause local sjoti^iing, and infr'isenously, they^ hill by 

kidney" 
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THYROXIN 


THORIUM NITRATE— Thom Nuras -TiuNO.h 
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THYROXIN 

^eliontand tVt — Ih.roMn ( Ih>rt>xi»um, U S. P.) i» used 
essentially for the |*nr|<*»c a> Hnroid-U S P, but the 
dosage may be more aic»faUl> determined and results more 
rjuicWy obtain^ It is indit-aied m ca^es of diminishing or 
absent th>roid fuiicti<iiung such a« simple Roiier, cretinism and 
mjXcdema. The reports of Kendall 'how that ih>rDxm afleets 
the pulse rate, blood pressure, nitrogen metabolism, relmes 
symptoms of myxedema and «dl produce hspenlnroldism. The 
most fmportant *'■ 

basil metabolic 
increases the ba 
cent. The relat 
{trams increases 

the basal metabohe rate that the pharmacologic action of 
thyroxin can be followed best When gnen by mouth or 
intravenously, there is iw immediate c0ect except occasionally 
when an increase in pulse rate and respiration occurs, which, 
however, vviU soon disappear After from twenty-four to 
thirty-six hours, there »s a n'^ticeable increase m pulse rate. 
There may be loss of weight ami bcgmnmg of nervous mani- 
festations If the dos-ige is contmtied for five o’- six days, the 
typical so-called hyperthyroid symptoms will be produced: loss 
of weight, increased poise rate with tachycardia, nervous mani- 


istration of thyroxin is indicated, bat in most cases of goiter 
(especially exophthalmic) thyrovin shonM never be administered 
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Dosage— From 02 me to 2 mg Tliyroxin sliould always 
be given in minimum doses and in each case the optimum 
amount should be determined by trial For the exact determina- 
tion of this dose, the establishment of the basal metallic rate 
for ' ’ * I 

sho’ ■ 
per 

from i j lu ^ iiig pel luy, a siiiaii ueiiii lequiies iiuni ux lo 
04 mg c\ery day or every other day. 

Thyroxin may be administered either by intravenous injec- 
tion or by mouth In those cases tn which thyroxin is not 
absorbed quantitatnely when given by mouth it may be given 
intravenously according to the following directions Place a 
known amount of pure crystalline thyroxin — from 1 to 10 mg 
—in a small sterile test lube, such as is used for the Wasser 
mann test Add 1 drop of 10 per cent sodium hydroxide solu- 
tion and about 1 cc of water Warm and agitate the solution 
until the crystals are dissohed. and then stenlire by placing the 
tube in bctling ua/er Transfer the solution to a sterile hypo- 
dermic sjringe, rinse out the test tube with 1 cc of sterile dis 
tilled water, which is added to the syringe, and then inject the 
contents of the syringe intravenously 

In many casc« ' » • « t. j 

appeared, remar * • 

an almost norm., 
tion and should 

for increased loss of nitrogen from the action of the drug 


■ lopro- 

. . . A 

tctraiodo-dcnvative of ^Ii>droxyphenyl ether of t}ro‘!ine it 
contains not less than 6$ per cent of iodine 
Actions and Uses — See preceding article Tliyroxin 
Dosage — Sec preceding article, Tliyroxin 

Manufactured hy F Hoffmann LaRoche & Company Basle Sw uer 
land (Hoffmann LaRoehe Inc Nollcy N J distributor) No U i> 
patent or trademark 

Ampul! Syntheuc Thyrortne Roehe 1 1 ce Each cubic centimeter 
contains 1 mg of synthetic thyroxine Roehe 

SelultoH Synthette Thyrortne Reehr Each cubic centimeter contains 
2 mg of synthetic thyroxine Roche 

Tablet! Synthelie Thyroxine RocI e 1 my 
Synthetic thyroxine is a while Of alightly yellow needle I fce odorless 
crystalline powder 

It IS insoluble in water and practically insoluble in alcobol or inc 
other more common organic solvents but in the presence of 
aetdi tt dissolves in alcohol is soluUe in solutions of Ibe 
hydroxides and on saturation with sodium chloride the sod urn salt 
of thyroxine separates Synthetic thyroxine melts with decompositio 
between 225 and 228 C 
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are heated unt:l dercmiroieil aapora of iodine are evolved, (he lube 

and ennienti are allowed to eool add 10 cc. of water, the mixture ii 

boiled for a few miniiiri. filler ihrcHi|h paper and divide into two 
portioni To one portion adl a few drnpa of (odium hjidroxide tolu- 
tion followed bp the addition of a few drops of freibljr prrpareil ferroui 
lull hale aniulion and tinallv a few Hiopi of ferric chloride lolution 
and, after aeitation. rareliilla aid diluted hydrochloric acid until the 
iron hydroxide! jimI diivive a very Imely divided blue preeipitaie 
retulx. Is the other portion all I ce of concentrated nitric acid, 
boil, e^ and ad i I ce of niter nitrate solution a curdy yellow 
precipitate relulti, intniulle iti a hrce excess of ilronser ammonia 
water. Add about OQI (im of aynihctie thyroxine to 1 cc of a one 
per cent solution of Irikelohydrtndene hydrate (A’lnAydrin) lolulion 
and boil for one miniile a I4ue color results 

i'laec about 0 Od Cm of aynthrtiC thyroxine in a SO cc flass 
iloppered cylinder, adil JO ec of water, shake the contents for five 
minutes, filler throusb paper sepatair portions of 2 ec each of the 
filtrate yield no opalrieence with OS <c of diluted nilrie acid and 

OS ce. of iilver tiilrale aolmion Oalubl* haSiJn), no turbidity with 

0 S cc. of diluted nitric arid and 0 S ec of barium nitrate aolution 
(nlflaUt), ro coloration or preeipiiaiion on saturation with hydrofcn 
sulphide (latli of ktetj inrro/a) 

Iseinerale about OOS Om el avnihelie thyroxine, arcui’aiely weighed 
the residue is negligible Dry about oOS Om. accurately weighed, for 
34 bouri over lulphunc acid in a partial vacuum the lass In v>eighi 
should net exceed I per cent Transfer about 0 1 Cm, previouily 
dried for 34 hours over autphurie a<iJ. terortlely r— ' •- - 

bomb tubes determine ibe inline e*>nieiii by t*-- 

amount of io<line found should nn be less than 
tbiQ 66 S per cent 


, ./eighfd, to L 

Carms method the 
1 6S per cent, nor more 


THYROXIN CRUDE.— The rofttally purifietj disodiutv 
salt of thypo'cin, approximaiely 25 fxr cent admixed with the 
acid«insolubIe Inimus-like products of protein hydrolysis 
Aettont and t/jcy— The same as those of thyroxin, except 
that it is not to be used for injection In certain individuals 
in whom the thyroxin equivalent is not absorbed quantitatively, 
the pure erystalline thyroxin should be given mttavtnously (set 
under thyroxin) 

Dosage . — Thyroxin crude is supplied in the form of tablets 
for oral administration, representinc a stated weight of thyroxin 
Thyroxin crude must not be administered intravenously. 


Maoufacfured by E R Squibb 4 Sons. New York, by license of the 
University of Minneiola U S palenlx l.J93,767 (Oct 4, l?3l! expires 
1938), and J.393,768 (Oef 4, 1921 . expires I9J3) 

TAyroeiH TahUtt, 0 2 mg Each lablet contains thyroxin crude, equiva 


,03 mg thyroxi- 

Thyrenn Tabitli, 0 4 mg Each tablet e< 
lent to 0 4 mg thyroxin 
Thyronn Tabiftt. 6 S mg Each Ubiel ci 
lent to 0 8 mg thyroxin 

Thyronn TabltH, 2 0 mg Each Ubiel conUins thyroxin crude, equi 
lent to 2 0 mg thyroxin 

Thyroid glands of animals arciAydrolyeed^by^ treatment 


tbyroxin crude, equiva 
thyroxin crude, equiva 




Ihyroxin crude is a light brown powder having a characteristic odor 
and an alkaline taste 1( is soluirie m water, decomposed by acids 
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The followinj method may be applied {or the assay of thyrotin 
tallets 

Weiih accurately five or fen Ubieta Grind finely the taWeW and 
weiRh out a tample of the powdered tbyroxin for analysis, place over 
sulphuric acid in a desiccator for twenty four hours ana determine 
loss m weight Deliver the dried tample in a beaker and add 10 cc 
sodium hydroxide solution, 30 per cent Dissolve the sample by 
working it with the aid of a giiss rod, add SO cc of water Filter 
the iclutron into a small beaker, wash the original beaker and filter 
paper with sodium hydroxide test solution Make the filtrate faintly 
acid with dilute sulphuric acid solution, filter off the precipitate and 
wash It. Determine the iodine content in the precipitate according 
to the method of Kendall (/our JJ,ol Chan 10t2S2, 19M), and 
calculate the amount of thyroxin in the dried specimen and in tablets 
(The loifine in the precipitate is thyroxin iodine, any iodine in the 
filtrate is from other iodine eontaining compounds, and is physiologically 
inactive Thyroxin tablets Squibb eoncsin a small amount of humus 
like substance resulting from the bydrolysis of the protein ) 


URETHANES (CARBAMATES), UREA 
AND UREIDS 

TJie sfirlinff point of (his group ts urea, tihich li carbamide, 
NHi CO Nils Dj Ihe addttion of a molecule of water to tins 
compound, \\c ha\e ammonium carbamate, NHiCOONHi, sub- 
stitution of ethyl for ammonium yields ethyl carbamate (ure- 
thane), NHsCO 0(CsH») By substitution of phenyl for 
hydrogen, we get NH(GH») CO O(CsHs), plienyl urethane 
Of phenyl ethyl carbamate By substituting for the ethyl of 
urethane the radical of methyl propyl carbmol, we get methyl 
propyl carbmol urethane, NHs CO O CH(CHs)CHi CH»CHi 
Of hedonal 

Ufcthanes are diuretic and hynotic agents They are oxy- 
dired in the system to carbon dioxide and urea Urethane is a 
comparatnely feeble hypnotic 
ADALIN. — See Bromine Derivatives 
BARBITAL — See Barbital and Barbital Compounds 


LUMINAL— See Barbital and BarbitaJ Compounds 


UREA — Urea— CO(NH,)-— The diamtde of carbonic acid 
Actions and Uses — Urea is an active diuretic it ts rapidly 
eliminated and is not poisonous It is useless in the treatment 
of tuberculosis, and has no important solvent action on 
calculi It may be employed when diuresis is indicated, inoug 
it appears irrational m any renal disease characterized by reten 
tion of nitrogen • 

Dojupe— rrom 0 5 (0 4 Gm (8 (o 60 grams) Urea is given 
in solution, or it may be enclosed m cachets 


i,- oh!” iis.."'. i 

in Mhff and cblOroform, it fuses at 132 C, evolving ammonu 




VIOSTIIKOL 
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Viosterol jn oil 250 D Squibb is prepared by dissolving ergosterol in 
tther, the solution is then irraliated by e^rosorc to ultraviolet ra>s 
ifler asny of the irradialrcl ergosterot for iti antirachitic potency it is 
diss Ived in maize oil and adjusted lo have the potency of viosterol in 
ml 250 D ft N K 

Winthfop Viosterol m Oil 250 D —A brand of viosterol 
111 oil 250 D, N N R 

^fanufactured by the Winibrop Chenical Co, Inc New \ork iind*r 
U S patent 1 680 818 {Aug )4 1928, expire* 19fS) by Iicen«e of the 
Wisconsin Alumni Research foundation 

Winthrop viosterol in oil 250 D it prepared by dissolving ergosterol 
in alcohol The solution is then irradiated by exposure to ultraviolet 
rays at a determined d stance and intensity After irradiation the 
alcohol IS distilled off in vacuo and the residue is dissolved in sesame 
oil and adjusted on the basis of biologic assay, to have the potency of 
viosterol ui oil 250 D N N R 


XANTHINE DERIVATIVES 

Sirsieiure a»d RWafww— Caffeine, Ihifobrominc and tbco 
ph)llinc are mctlnl xnnthmes, derned from xantlime by the 
introduction of two or three methyl radicals into a correspond 
jng number of NHi groups As these may occupy various posi 
tions in the xanthine nucleus a considerable number of methyl 
vmtlimes exist naturally or by synthesis diffenngquantitatnely 
m pharmacologic activity Those named however, are the only 
ones of therapeutic importance, namely, cafTeinc (13 7 tn 
niethylxanthine) theobromine (3 7 dimefhylxanthme) , and 
ilieopliyllinc (1 3 dimethyixanthine) 

Caffeine is usually obtained from tea or coffee theobromine 
IS obtained from cacao or is made syntlietically Theophylline 
occurs in nature but m amounts too small to be commercially 
available It is prepared synthetically Theocin is a proprietary 
name for synthetic theophylline 

Actions — Theobromine and theophylline surpass caffeine m 
their diuretic, and perhaps m carttac and muscular actions 
They are, therefore, generally preferred in cardiac edemas, etc 
since they arc equally, or more, effective, more prompt, and 
largely avoid the unpleasant side effects (insomnia nervousness 
gastric disturbance^ which often interfere with the use of 
caffeine in adequate doses This freedom from side effects 
holds true particularly of theobromine Theophylline surpasses 
theobromine in diuretic efficacy but its action is probably not 
so fasting, If may produce gasfnc disturbances renal irritation 
has been reported Theobromine is therefore generally pre 
ferred sometimes preceded fora few days by theophylline If 
central stimulation is desired caffeine must be used 

Compounds — The slight solubility of theobromine and tbco 
nhylline limits their usefulness They are therefore used 
exclusively m the form of the readily soluble double salts (sucn 
as theobromine sodium salicylate, U S P ) which they form 
with a considerable number of compounds There is no reason 
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Theobromine-Merck— A brand of theobromine N. N R 

Verefc & Co Rabmy, N J, distributor 


THEOBROMINE SODIUM-ACETATE — Theobro- 
mmae Sodio-Acetas — A hjdrated double salt of theobromine 
sodium and sodium acetate, containing: not less than 63 per cent 
of theobromine, corresponding to about 80 per cent of the anhy- 
drous double salt— NaCjH,0*Ni-fNaC»HiO» 

Actions and Uses — Theobromine sodium acetate acts like 
theobromine, over which it has the advantages of greater solu- 
bility and of being well tolerated by the stomach While 
inferior in diuretic power to theophylline (which see), it is said 
to have greater power in sustaining the diuresis produced. 

Dosage — From 05 to 1 Gm (8 to IS grams), preferably m 
wafers or capsules If m solution, this should be freshly pre 
pared (with peppermint water), without sugar or mucilage 


Theobromine loilium aceiaie it a white finely cryjtallme powder 
odorless and bitter It is soluble in cold water, slishtly soluble in 
cold aleobol more so in hot ateohol Its ai^utous sctutionsare stronplf 
alkaline toward phenolphcbalein and litmus It Is quits hyerofcopic. 
and m aqueous solution when exposed to air ii padually splits up 
into Its components through absorption of carbon dioxide and becomes 
incompletely soluble Its aqueous solution is prreipiiated and oecoiiv 
posed by carbon dioxide ana by acids It forms a bluish white pr^ 
cipitale with silver nitrate solution a blue precipitate with corpe> 
sulphate solution and a white one with tartar emetic solution It 
not readily precipitated by mercuric potassium iodide solution or by 
iodine sol ition It is incompatible with carbonated beverages aci« 

. . ' . f II loidal reagents 

... . soliumacfiate 

. a few drops ci 

• • • . m opalescence 


resuiis i.iwii. VI hiwim, 

Dry about 1 Gm of theobromine sodium^acetate accurately weighed 
to constant weight at 100 C the loss does not exceed 20 per cent 

Dissolve about I Cm of tbeobromine sodium acetate **^“^*'p 
weighed which has prevtoaslr been dried to constant weight at iOO C 
in 100 cc of hot water add phenolpbtbalein solution and titrate wn® 
normal hydrochloric acid to the disappearance of the pink coloi nd 
more than 3 7 cc of normal acid should be required for each gram. 

Dissolve about 0 2S Gm of tbeobromine sodium acetate 
weighed which has been previously dried to constant weight at luo ^ 
in 100 cc of hot water add a few drops of potaisiuni chromate solu 
tion and titrate the solution wh le hot with tenth normal silver 
to the formation of a redd $h color the tenth normal silver n traic 
consumed corresponds to at least 63 per cent of theobrom ne 


Agurin — A brand of theobromine sodium-acetate N 
Jfaricetrd in the form of tablets only 

Manufactured by Farbenfahnken vorm Frierfr Bayer * Co 
kusen Germany (Winthrop Chemical ^mpany Ine , New York) 
trademark 36 018 


N R 


Theobromine and Sodium Acetate-Merck — A brand of 
theobromine sodium acetate N N R 


Manufactured by Merck & Co loc Rahway N J No V S patent 
or trademark 
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Theophylline and Theophylline Compounds 
THEOPHYLLINE — For description see the U S Phar 
macopeia and Useful Drugs under Theophyllina 


Theocin — A brand of theophylline U S P prepared syn 
thctically 

Manufactured by The Bayer Company Ine Ren selaer N Y (Win 
throp Chemical Co New York distnbntor) U S patent 716 991 (Dec 
30 1902, expired) U S trademark J9 US 
Tablet! Theaciit grant 

Theocm is obtained by heating the monoformyl derivative of 1 3 
* ' f ‘ 1 ilting in the 

■' mpound On 

■ I • ing the alkaf 


THEOPHYLLINE SODIO-ACETATE — Theophyl 
linas Sodio-Acetas — NaCrHiO*N<+NaCfH«0*+HrO — A 
double salt of sodium acetate and 1-3 dimethylxanthinesodium 
(theophyllinsodiuttt) 

Dfisttfff 02 to 0.\5 Cm (3 to 5 best gnen 

after meals 

It IS a white crystalline powder conta ning about 60 per cent of 
anhydrous tbeophyume It dissolves in about 20 parts of water at 
25 C but IS insofuble in afeobof or ether 


Theocm Soluble — Theocin Sodium Acetate— -A brand of 
theophylline sodio acetate N N R 
Tablelt Therein Soluble 2!4 graint 


19oi expired) U S trademark 39 125 


ZINC COMPOUNDS 

The essential action of salts of zinc like those of copper and 
lead is that of an astringent or corrosive The action of 
these salts being largely proportional to the concentration zinc 
chloride m strong solution has been used as an escharotic 
fairly strong solutions of zinc sulphate as an emetic weaker 
solutions of zinc sulphate and zme acetate as astringent and 
antiseptic applications to the mucous membranes of the eye 
urethra etc, while the insoluble zinc oxide is used externally 
as a mild antiseptic and astringent Zinc oxide was thought 
to act on the nenous system, but this theory is probably 
incorrect and the internal use of zme oxide has been practi 
cally abandoned 

Various zinc salts containing therapeutically active acid radi 
cals or anions have been used m medicine thus in zinc per 
nianganate the oxidizing action of the permanganate radical is 
influenced beneficially it is claimed by the astringent action 
of the zinc 





LIST OF ARTICLES AND BRANDS 
ACCEPTED BY THE COUNCIL 
BUT NOT DESCRIBED IN 
N. N. R. 


Medicinal ^Iriicles. Articles which have been cxani- 
inctl by the Cotincil, which are marketed tinder 
descriptive, nonproprietar)' names witli well established 
therapeutic claims, and which, therefore, are held by tlie 
Council not to require description in \ew and \on- 
ofTicial I^cmedics: 


ADBOTT lJ\BORATORIES 


Ami(Jopyrinc*Abbott 
Arsphenawinc-D. R. L. 
harbitabAbbott 
Darbitat Stxliuni'Abbott 
Chlorcosane-Abboit 
Cinchophen-Abbatt 
Dich!oramine*T (Abbott) 
npinephrin-Abboti 
hpineplidn ChlonJe Solution 
Abtwtt 


Neoarsplienamine-D. R 1. 

Pituitary Solution-U S P. 

Phcnobarbital Tablets, M 
cram 

Phenobarbital Tablets, M 
crain 

Phenobarbital Tablets, 
pram 

Pollen Extracts Diamiosiic* 
AbUut 


ARMOUR A CO 

Pifmtar» Liquid (0b5tetriciI)-Aftnotir 

.\R;i:or. chemical co 

^il^cr \iiratc Applicators 

CEN70L PRODUCTS CO 
Circliorbcn-ll P C 

GEO. W HRADV A CO 
nariuni Sulphaie-BraiSy lor Roeiifcen-Ra*’ Work 
CALCO CIIEMlCAt. CO 
Ciiichoi lifii-Calcn 
Mcilij lilii'wi-ic Oilornle-CalcM 

CUTTER LABORATORY 

Diphtheria Antitoxin Concen* Tetanus Antiiuxin Ciiicni- 
fratrtl tratnj 

Ghcrrrnatexl Vaccine Virus 

DAVIES. ROSE A CO^ Lid 
IM. Dic’iahi (DaiiM. Rtnc) 

Tab'eti Qiiinkhre Solplate. 3 cratrt (Daeiet. Row) 
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GANE & INGRAM, INC 
Phenobarbital U S P (Gane & Ingram) 

GILLILAND LABORATORIES INC 

Gillilands Concentrated and GiHilands Concentrated and 
Refined Diphtheria Ant» Refined Tetanus Antitoxin 
Smallpox Vaccine 

HEYDEN CHEMICAL CORPORATION 
Acctylsahcylic Acid Hejdcn 

HINSON I ABORATORIES INC 
Diphtheria Antitoxin Ictanus Antitoxin 

HOI LISTER STIER LABORATORIES 
Protein Extracts Diagnostic Hollister Stier 

HYNSON WESTCOTT & DUNNING 
Phcnolsulphonephthalcm H W & D 

LAKESIDE LABORATORIES INC 
Ampoule Calcium Chloride 

I EDFRI r LABORATORIES INC 
Concentrated Tetanus Anti Glycenmted Allergen c Ex 

toxin (Globulin) tract Lcderle) 

Diphtheria Antitoxin Solution Epinephrine Lederle 

ferric Ammonium Curate Sterile 1 I OOO Solution Ep n 
Lcderle Capsules 05 Gm ephnne Hydrochloride 

Fluid Extract of Ergot Lederle 

Lederle Pollen Antigens Diagnostic 

Glycennatcd Allergenic Ex Lederle 

Met! Lcderle (exceptin,; fl.jro.d Deriecated Lederle 
House Dust Glycennatcd 
Allergenic Extract Lcderle Vaccine Virus 
and I isli Glue (LePages) 

ELI LILLY &. CO 

Diphtheria Antitoxin Lilly Tetanus Antitoxin 
(Purified Concentrated) Sn allpox Vaccine 

Pituitary Extract Lilly (Ob 
stetneal) 

McCORMICK &. CO INC 
McCormicks English Mustard 

ROBERT McNElL 
Tincture Digitalis Duo-Test McNeil 
Black Capsules Digitalis Duo Test McNeil 
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MALLIN'CKRODT CHEMICAL WORKS 


Acefj Isatic} lie AciJ-Mallinck- 

roOt 

Arjplifmniinc-Mallirckroclt 
^arbital•^faIIinckrO(^t 
Barium Sulpbaie rure-Mal- 
linckrodt 

Cindiopbcn-Mallinckrtxh 

MERCK 

AcrtjIsalitjJjc Acid MmcW 
Acar Agar-Merck 
Rarbital-Merck 
Harbitaf Sodmm-Mcrck 
Banum Sufphate-Mfrck (or 
X»Ray Dtagno5ii 
Liquid retroIa(um Merck 


NttMrjpfienaniine • Xfallinck- 
rodt 

Oiiinidine SuIrJiale-.\faIImck- 
rc?dl 

O'uninc Ejh>l CarWmie-Ma) 
Iinckrcwlt 

Soditim Ac'fi riiospliafc (Mu 
nof>3sic)'Maninckrodt 

& CO 

Omnidmc Sulphate Merck 

Qmnmc I'llijI Carlxjnate- 
Merck 

So'/ttim r/io$n(iaje ifunw/iasic 
Merrk 

I rioTi methi Icnc-Merck 


\VM S MERRELL COMPANY 
Acid Salicjhc*K(<rrctl Piiuitarv ETtract Obsletncal* 

Sodium Salicylale-Merrell Merrell 

Natural Oil of Sw«e Birch 
Merrell 


MONSANTO CHI.MICAL WORKS 
Acetjlialiolic Acidl'Aspirm)- Clihircosanc-Monsanto 
Monsanto Dichloramme-T (Mnnsanio) 

Chloramine T (Monsanto) 


N \T10N \L DRUG CO 
Pollen E.-etracis Diaenostic 


NEW YORK CHY DLPVRTMENT OF HEALTH 
Tetanus AntitoMii Diphtheria Antitoxin (Glob 

uhn) 


NEW YORK yUlVINC & CHEMICAL WORKS 
Euquininc-N Y Q Qumidine Sulphate-N Y Q 

PARKE. DAVIS & CO 

Btsmulh Paste (Sitrgical)-P Glascptic Ampoules Sodium 
D ^ Co CaciMJvistc-J' D Ik Co, 


Diphtheria Antitoxin (Concen- 
trated Antii' 

Globulin) 


OJ Gill (Ij^ grains), 1 < 


Cacod\!ate-P 
013 Cm (2 grains), I cc 
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Ghscptic Ampoules Sodium 
Caco(l>latc 1’ D Co 
0 2 Gm (3 prams) 1 cc 
Gliscptic Ampoules Soilium 
Caco<I>late P D Co 
0 3 Gm (5 pnms) I cc 
Glaseptic Amiwulcs Sodium 
Oicodjiatc P D &. Co 
0 45 Gm (7 grams) 1 cc 


Glaseptic Ampoules Sodium 
CacoJ^hteP D &, Co 
1 Gm (I5>^ prams) 2 cc 
Group Protein Extracts Diap 
nostic P D & Co 
Protein Extracts Diagnostic 
P D & Co 

Tetanus Antitoxin Globulin 
Vaccine Virus 


cn\s PFIZER CO 

Cinclioplicn Pfizer 

PROPHYLACTO MANUFACTURING CO 
Pemeo Mentliol Eucal>ptus Compound Nasal Spra> 
ROBINSON PETTET CO 

Solution of Albuminate of Elixir Paraldch>(I (Robinson 
Iron (Robinson Pettet Co) Pettet Co) 

WILLIAM RYDBERG BAKING CO 
Mansfield Agar Agar Wafers 


G D SFARLC A CO. INC 


Ampules Sodium Tluosulphatc 
(Scarle) 5 cc + 

Ampules Sodium Thiosulpliate 
(Searle) 10 cc + 
Arsphenamme Sevle 

SHARP 

Ampules Sodium Cacoilylafe 
Mulford )4 gram 1 cc 
Ampules Sodium Cacod>Iate 
Mulford grams 
Ampules Sodium Cacodylate 
Mulford 3 grams 1 cc 
Ampules Sodium Cacodylate 
Mulford 5 grams 1 cc 
Ampules Sodium Cacodylate 
Mulford 7 grams 
Ampules Sodium Cacodylate 
Mulford 15'/i grams 

SMITH OIL & 
Sinitfi s Mineral 0)1 


Neoarsphtnainmc Searle 
Stable Solution Dextrose and 
Sodium adonde Ampules 
20 cc (Searle) 

4 DOHME 

Diphtheria Antitoxin Super 
concentrated 

Cljccnnated Vaccine Ljmph 
Pollen Extracts Diagnostic 
Mulford 

Pollens Dried Mulford 
Proteins Dried Mulford 
Solution Pituitary Extract 
Mulford 

Tetanus Antitoxin 
Tincture Digitalis Purified S 
& D 

RCriNING CO 


C M SORENSON CO INC 
Inhalant Pine Camphor and Eucalyptol Sorenson 
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E. R. SQUIBB £ SONS 
Arspheiumine-Sfiiiilb 
Barium SuJphate-Sqmbb for 
Roctitgcn-Ray Work 
Oiloraminc-T (S^iuibb) 

Cmchop5icn*Souibb 
Liquid Petrolatum Iieav% 

(Cill f ornia) -Squibb 
Neoarsphenamine-Squibb 
Pituitary Solution-Squibb 
Purified Dlpblbena Antitoxin 
(Ant'diphUieric Globulin) 

UNITED STATES STANDARD PRODUCTS CO 
Diphtheria AnlUoxm Refined letanut Antitoxin 

and Concentrated Vaccine N'lrus 

W T WAGNER'S SONS CO 
Wagner'a Artificial Vichy Waj;ner'» Artificial Vichy 

Citratfd 

Wll.UER CO. INC 

Tablets Distta!ij-\\ilbcr Tincture l)igifalis-\\'ilhcr 

WILSON LAOORATOR/ES 
Epmephrm-WtUon Pituitary Solution U S P X 

Erintphtin Povi(!<f-Wilsoil Ob«Wnal-\Vilso» 

Epinephrin Solution I 1,000 
Wilson 


Smallpox (Variola) \hjccine 
(Glyccrmated) 

Tablet* Oigilalis Lcaxes-Squitib 
I c.it unit (Approximately 
Iji grains) 

Tablet* Digitalis-Squibb 1 
Grain (10 minims U S I’ 
Tincture) 

Tetanus Antitoxin. Purified 
Thyroxin (Squibb) 


JOHN nVIilH S. BROTHER. INC 
Wjitli's C.xpitilo DiuUalis Leal Defatted 
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Nojiinedianal Articles — ^Articles which have been 
examined by the Council, which are not advertised as 
therapeutic agents, the composition or essential ingredi 
ents of which are quantitatively declared on the label 
or m the ad\ertismg, and the use of which under 
ordinary circumstances is, m the opinion of the Council, 
not contrary to the public welfare 

BARD PARKER CO 
Bard Parker Formaldehyde Germicide 

CHILD WELFARE GUILD, INC 

Bite-X 

JOHNSON & JOHNSON 
K Y Lubricating Jelly 

ROBERT McNEIL 

Lubricant McNeil 

MERAX, INCORPORATED 
Merax Mercury Cjanidc Solution 

NONSPI CO 


Nonspi 



GENERAL INDEX 


IjkIcx Jrt .\ccej'ti't{ Ruks »« Ihc L'oujidJ ('•.ijut-ik), 

and “Aftkfcs Airepted >>«i \u( lkMnf>fd fiMlit.) 


AlWl'* A.n n MaJt >»»•*.» *.«h Col 1 rtrr tW »nd ViDjirroi SD . 
I'rt-l LlVrr UlJ »Hh \ n<'T< I Jftl> 

MmfTil on f-nuNi/in 

OvlKiJO-* •! 

\nt «<l ivorotuiv- 

Amirian^ 

•Abbott . 

7aMrf»AbMtf, Q .’i t.itt 
Atrtantbrostafom 
Af«lo»ir<bjflraform 
ArftfbfnetiniO 

As«t}Un»noJ»i}ru>)’r’A^niljr>on>e \««l 

Acnyl»»Vitylie Aeiil 
neij 

Ani h1«lUntkrt4t 

AevI 

AfiJ fAifinn) itfxjenic 

A«d Type Mcnf .i salicylic Act.l; 

Aeetyliapntc .Vts-t 

AcM Dcritativc* of sai,ctlic Acul fAcciylfjlicytic A«iJ lyrO 
Ariilepitilu* liieillut Ulisli Mulford • 

liaciDui laatuj MvtUotd 
AttJ Saliciltt UfuU 
Aen« lljcilluy tacrine 
Xacillu* Wei(i« <Cu«ci) 
iUoiiiif Vacon# (’(foUiKerbiMt) 

Hacimn iMuKorilj 
brrolAaCirriii b(uIfot<l tSrixiiici 
(otiU 

Vaccin* tlrfijfrlc) 

V»«ine (Soi/ibbj 
Acri^rc Djci, Tbc 

AlliOtt rnirric toifcif JabJci^ 

AliVotl for Iniraimiiu* Injccii 
-Abbott, Nciitrj 


Acne Varciiie i'olrxIenO (M»l 


Abholf. TaMefe Ac« 


OOJ Cm (>J *Tain; 


IUk 
llxtrochfcri-Jc 
llydrocMoDtJc Abbott 
HydrocMande Abbott Tablets, QQi Om 
Jelly, ^cll^ra?, 1 I.OOOAbboil 
"Saiional ' 

-“NaliORa),'' bateric CoaCtti IsUets Neutral, ogj^i Cm. (H gra 
•'•National,'’ Neutral . 

'•■XalUMial QiRtment ((e«teal. t per cent 
•"Nationa!'’ ‘Tro Injtdionr," Neutral, 0 5 ) 0 Cm nalj. 
•“National" Tablett Neutral Ol Cm tJJS grains) 
j^Naiional ’ Troches, Neutral 

ActirSlrf ttgiiSttTOl ITT Oil 

A.'al.n .. 

TaWclS, 5 grains (<7 3 Cm J 

AoMtsiitPtt oe Taopairraav Aartew* m ms Hock New aso Nt 
omcru RrKEOfss, Ruja* Cossaatre me 



GENFRAL INDEX 


A Irenil n 

an I Ar Ort ne )<)t >.t rm c 
an I Apolhrs nc Hyi-n I ffr e 
an I Chlorrlonf O tmffiJ 
anl Com nc Tat Id* 
an I n ! M ne O men! M 
( I Inr le Sol i on 
Ci iof ie S I t n \rri o rt 
1 ce 
Inhalant 
O Imcnt 

<) Incnl an I C n ] ound ^ rtinw iH ic M 1’ S Co 

S I r>o« tor M 

TaMcl* 

Talleu So 

\fi KtTIlINC D »*CT — K t J 
Inn »1 CT— Rli 


I it 


t J I) ir t \t> car 
I 1 ■ric't C 


UsK nr \cccrTro Aiticlcs rot 
Actl))cn m r'o narco* 

\cthrl « b 1 cylat 
Af«n I 
\n 1 ul i 
Agar 
\Bar 

Agar Merck 
Nl.ar I ow Icr Mr <k 
\i;ar bhrcdi Merck 

igijf do/ ri l/«n ftfU (It lam HrJhf il l>ak "tt Co^ 
anl Phenolrhihale n Sf{ubt»a lad Icirolatum » ib 
an) N^r 1 reprat oni 
Pfienolphll ale n 

Sau lb • t a I I « Ota ufl «* b 
\i;ents Car 1 roilue s \e ten u ly 
^^,of n 

\l men Cl I c n 
Ml m na e of I on 
Mcol ol IlcorvI 
Ilcnayl cum 

Mkyl Ucr va vra of Sa I 
Mlergen c I »t ac » I^JerJc 
/ lira fi L/de e Gh * na td ti tt! itg /few r Dutt Cljtet m to 
A! ergr" Lti a I I tie t and F ih Glut (LtPagt a) Ctjtenn 
atei Allergen L Ira r I rde e) 

Mlcrs c Pro e n I ep rat on* 


a of K b n 


t Co ) 


I <Mr by* bal cylale Type) 


M m n Na I hoi 1 I o as 
\l m nura HetanapI ol D s 
Co ro nds 
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Ampules (Cotitmued) 

Sod>um Cacodytate Mutford, }4, 3, S grains. 1 cc 7 

grains (Sharp and Dohiue) 

Sodium Tliiosulphote (Searle) 5. 10 ee 

Solution Antimony Saturn ‘niioelycollate 0 S per cent, 20 cc 
Solution Antimony fStcwlycoIUmi le, 0 4 per cent, 20 cc 
Solution of Nupercaine Ciba 5, 25 cc , 1 1000 
Sterile Solution of Anterior Lwe Pituitary Pxtract Mulford . 
Suprarenin Solution 
friplial 0 025, 0 \ Gm 

AmpuU Cold Sodium flnosulphatc Searle. 1, 2, S cc 
Mercury Suceimmide Molford tfc grain 
Synthetic Tliyrotme Roche 1 1 cc 
Amytal 
Sodium 

iablets, IH firains 
Anaerobic Antitoxin 
Anaesthesine 
Ancsthesin Abbott 
Anatotin, Diphtheria 
Anesthetics 
General 
Local 

Local, SlightW Soluble 

Anti Anthra* Serum ^ 

Anti Aotrax Serum (I ederle) 

Anthrax Serum Mulfurd 
Anthrax Serum <1* D & Co ) 

Antibacterial Serums 

Antibodies Used for rropbjlactie or Therapeutic I’urpuses 
Antidysenterie Serum 
Serum (Polyvalent) (Lederle) 

Serum (Pol^alent) (Mulford) 

Serum (P D & Co ) 

Antiformin 

Anti Gas Gangrene Serum (Mulford) 

Ancimenmgitis Serum tMuIforJ) 

Antimeningococcic Serum (Gilliland) 

Serum (Lederle) 

Serum (N D Co ) 

Serum (P D & Co ) 

Serum (Squibb) 

Serum Concentrated Lilly 
Serum Polyvalent (U S S P) 

Antimeningococcus Serum 
Antimony Compounds 
Sodium Thioglycollate 
Thioglycollamide 

Thioglycollamide Ampules Solution 0 4 per cent 20 tc 
Sodium ThioalycolUte Ampules Solution 0 S per cent 20 cc 
Antipneumococuc Serum fvpe I (Gilliland) 

Serum, Type I (Mulford) 

Serum, Type I (N D Co) 

Serum, Type I (Squibb) 

Serum Refined and Concentrated Tvpe 1 Lederle 
Antipneumococcus Serum 
Antipynne Compounds and Derivatives 
Salicylate 

Antirabic Preventue Treatment Pasteur 
(Lilly) 

Vaccine 

Vaccine, Pasteur (Gill land) 

Vaccine, Pasteur (Squibb) 

Vaccine Semple Method (Medical Arts Labs) 

Virus (Semple) (Pasteur Institute of St iJiuis) 

Anti Snake Bite Serum North American (Mulford) 

Snake Cite Scrum Tropical American (Mulford) 

Antitoxin Anaerobic 
Cothrops 


(Hams Moclilicat on) 
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Anli’osin, Anifrfilic 

IWohf Ttunui ... ' 

H Wtlkliu (Mullord) 

Trotslj* 

Vifhiheru^ (Concenite'iJ Aiiiii’fUbftit ‘I n.'** I' I' 

(OUhnUit) Sc~i i C»ty Orfar^meni t'l /irjith ^ 
lliflithtriJ. Sufrr'<C‘n^t*l>altt (Shatf 6- Oelmf> < 

^ry^l;>»ll» Slryj ir<orfii» ' 

i r7iii>cti< Slrt;i <cnccui (C<'ncrMi4ttU> MuKurJ J 

Strcrioforrus, < ofiirnlialrJ V]iiit'i ' 

I ryiipflu StryptKtOfeui (t-•'lnl«) Kr>nt<l «fii1 t •«! J 

J ry^i.>cl4i !^lt*fktf*coct'UJ, anJ C^joceitir^irtl I* li \ I u J 

'>»% Vi4i%sitTie tUilijJ J 

<>a> fiansicnr. (Con1ir>ti}) Rr'tnnl *n t Cnnrrntratol i* ll & Co j 
tla'Csiigirtie. O'ulyvalrri) R»lif>»4 in-l « lu^nliateil. Wiilu.m 
Trianut Antiluam (l^ Ictir) 3 

IVrfrincmt (\l iil1fir<!) i 

Jvarlei f»\»T J 

Varlft l«Ter i“ I> 4 Co J 

-Siarlel ^e^^r S‘tferu'C«fu» ( oncrntialovi (M'H‘y4> 3 

^fa^l«l I »v<f tVn«<nif»t»<l 4*‘j'iiW») 3 

^raI|el (lUftnrJ tad < • tKfcitrVa^l) 

_ Un4) J 

Ccsrict 1 rv<r tMorruv lUfxird and Conceoir^ird (N li 
, Co ) . .3 

T«8 "»i fV S 1 ^ 

TeUrut (Hovint) (MuKnrd' 3 

Tctanui Cat <iasgr<n» (t'o-iiltnod) <L>II>> 3 

((.'omWed) K»fin«d an I CftO<Mtia|nl 1“ I) 


Tttanut^aiCansirno iComWtd) K»fin«d an I CncKnntiainl 1“ 
3c Co 

TrUnui (Jai'Canirrii^ and Concniiitand CLeiJ'rl*-) 

TrtjHiij Chtulin ( a.iinr I t'ut l‘ l> & 
ffUnul r*fffin*«n« (N 1) lo) 

•Toain Mialurf 
Anliloainl 

Antivcnin (llolhroinr) (Mull^rd) 

Antitanin (Soaniic crotalidao (Mullocdt 
A|-iiikeaine 

ami A'lronalift lly(<«lernnf Ta!<lfta 

•«d Ailrtnilin l<ilvidermi« laHcia (U **1! ■ 

llvroilernuc ra1/l«« 0 "S Cm (IJj grain'*) 

S>dyl mn 
Arbutin 
•Abbott 
•^Iprck 

Ar^rnti Chlondiini Collonlale Sawharatum Ililln 

Oxidum Colloidalr Mulford 
Arjento Prottinum Mit® 

Argentum Arsphenamina 

Colloidale 
Crede 
Argyn . . 

^ Tablet*, 6 grainj 
^ Capjulej 

Aromatic CMoraiene Powder 
Arsenic CorapoimJ* 

Compounds Containing Penfavalent 
Trnalent, Compounds Containing 

Arsenobenaol Itillon _ #•_ a .■— 

•Billoti, 0 1. 0 2, 0 3, 0 4. 0 S, 0 6 Cm Ampules 
Arspbenamine 

■DHL 

AialLnckrodt 



•I-JS 


GENERAL INDEX 


(Continurl) 

Seafl< 

Solium 

Solium Silver 

i'fl-i'f. 

Arllcifi AfCff'lt'l tut Nm ntarri'« I 
^or Cottibtici 
OrririAL 

ifl fnal I irhy tl eson / 

I u-A; (.ilnttl t\ ojnft ! 

At “I'lin 1 < ila 

Ta’lrt* 0 2< (.m (4 rra n*> 

Atro me Derivator* an) \f»i)>ior* 
AttenuvteU 1 tvine V truve* 

\»o Itje* The 


llaeterin IMafue (Miiforii 
II AciJorh lilt Milk (airrhil) 
llaritlen hmuliim D t (M.lfort) 

hmuljirn Tulerrulin 11 1 (< illtlarli 

llaclli hmiiNin 

Ilaetil I* Aei '>.r*ului Hlfwl* Mtifori! 

Afiloililut Culture (It A < tiliure) 

Aexl'^hil 11 ( uliurc Hblliitef Slier 

Aei luphilm \|ilk l/^Ierle 

Aei l"il ilui r I) I Omecnttaie ) (more •»» 

AeiJophilui I ntie-l (^tmtatetid I nil ire 

Aciteihilii \ itvliit Culture 

II ilea lent S] 1 U 

Lmulimn Tu’eroil n )l £. (I^leilet 
Ilarlerin Aene (MuKori)' 

Cholera (Cholera Vatcinet ('fu)f f«l» 

Mitnf Fiifunculoin Swan Xfjrert (Atl-oll ») 
r^pho (Alulferl) 

Tfllo *li*nl <Tr pte \«erine TAI)> (Mulforli 
Itaeierial \aceinci Mixel 
Toaiti 
\ accinet 
Ilartital 
Ahhatt 
Malti kraJt 
ifrrrk 

Ilarlital and Ilarbittl (Zom(«un I* 


a (Gro II «raJ) 


I) }l Culture 

ilenrene (Uenzol) Alerck Medicinal 
Med cinal 
renrobu 

Denrol (Benzene) Merck Medicinal 
Crrttallizable 
Medicinal 

Benronaphthol 
Itenzosol 
Benzyl Alcohol 
Alcohol Seydel 
Betaine Hydrochloride 
Hydrochloride-Iloehe 


C P 
C P 


Crystal! zal le 


Crystalliial Ic 
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JIfniojte 

Xtfffk 

Ilcnto-itf S«jilcl 
I'rtJrif hthjl llfntolp 
SilirjUt* 

II. Ip Salt* ksi*{hil I 
*'a1r< II U & 1) 

Salli ai*.l lliV Salt ComjvtiMkil* 

I’llll^iV 1 

SJutiPit, Ami«iiilp«, 1 n 
lli^ntar^pn 
IlciTT-O-t >111., I 

■(fftiai Ampoiil»«. ( <T 
lli^niuvj 

Am|iilr«, I ft 

J!i»muth Ar»f hrnamirip Snli k. rate 
llptanapluhol 

< uTni«iiiiiU 
kniptine lnilii|« 

IcKliilt, Quininp 

(Sureicill 1’ 11 A 1 1> 

Salic|lll« III Uil I' l> A « u 

‘'>liejUlp in Oil l‘ l> A L«. Olairpoc An>tnilp« I u 

.'•n.lium Tartrate Searlr 

S«!ium Tartrate Sraile. Ani|<Hjlfa. J « 

^ilium Tarirai* Scartr, SiJiiiion, I 5 per cent 
Suli<al ifyUte 

I arirate b K , Airp>ile< l*vla«iuni. .r tr 

Tartrata nilli nuliPll K I , Aminler |%4a«iiiMn, III ' 

Triliromphri<a(e 

Tri(irot"i'fien<il 

UilfA' fCtii/J II tifart t.n.lJ /••. > 

H'aft CafiuUi Oiiiialu DutvTft 
llnrchenll'a Malt l-airaci with 0-1 Liter (>il 
jlothropie Anlivrnin (Muilor.li 
llnthrrpi Antiiuain 
lloiiiliftn I'lliraie Tnberetilm 
>i1iratei Tiiliereulin P k (liitirri 
! illraie Tiilwrcnlin 'll K (Lillilatiili 
i'lltraie Tul<erculiri H I ’ llr-lerlei 
Unvme leiamii Afilitiieiii 
Tetanur Aniiioaiii iMiiIlunli 
nram Lipoid 
llromelone 

Lapiulee, i grains 
Ilrotnine llerivalites 

Ilrominiied Sesame Oil. per eeni Merck 
Uromipin 10 per cent 

Promimzed Sesiine Oil. 10 per ersil kfercL 
Uromsuipbalem II W & D 
•H \V & li , Solution 
Promural 

Talilets, 5 grains (0 d Cm) 

Brucella Abortus Vaccine (Leaerle) 

MeUtensis Vaccine 
Melitensis Vaccine Lederle 
Butamin 
Bulesin 

I’lcrate Dusting Powder 
I’lcraie Lye Ointment 
I'lcraie Ointment 
Butylchloral Hydrate 

Ilutyl Chloral Ifydraie Mrrck ^ ^ ... 

11..*. oeiH. w^lelhrlenedianilde hcHrAchlnnH^ 
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Dutyn 

an 1 Epmepbrm Hypodermic Tatlets 
Ointment M f S Co 
Solution 2 per cent 
Tablets 0 2 Cm (J erains) 

with Potassium Ilismuih Tartrate D R L. 10 rei’ c<nl 
P Weicbii AntitOTin (MulfordI 


Calbroben 

Calcium Chloride /Impeule 10% (lakeside Labs) 

Calcium Chlori le Urea 
Compounds 
Creosotate 
Uibroml el enate 
ethylisopropylbarbiturate 
Gluconate 
Gluconate Normal 
( luconate Pliaer 
Gluconate Sandoz 
G1 iconate-Sandoz Ampules 
Io<lobebenate 
lodostearate 

IcrosideMereV. 

I hosphate Tribasie 
1 hosi hate Tr basic Merck 
Calcii Peroxul im 
I hospbas Tribasicus 
Calcreoae 

Con pound Syrup of 
Sol ition 

Tablets 4 gra ns 
Calioben 
Lalomclol 
Colloidal 
Ointment 

Camiofen Ointment 

Camphor and Lueaiiplol Inlalant Pine ^orensori 
Camphor Na«al Unguent Alpha Napheo 
0 1 (Caret) Mpha Napbthol 
Ointment At] lia Vai hco /me Stearate 
CantbanUin 
Merck 
Cai rokol 

'' sOISCm 

cent Solution in Olive O 1 
\ D) OIS Gm 
'• 1 cc 

Use) P D & Co 20 minims 
■ gram () 0324 Cm {yi gran) 

)4 gram, 

Fphedrine Hydrocfaloride Pemco fi gram 0 3 Gm 
Ephedrme Hydrochloride P D & C )< Ja gram , „ 

Ephedrme Sulphate P D & Co 0 025 Gm ( ji gra n) 0 05 Gm 
(44 gram) 

Luminal Sodium 5 grains 
Neo Silvol, 6 CTains 

Pentobarbital Sodium Abbott l^i gra ns 

Solution Silver Nitrate 1 Per CentP D (. Co . 

Cnrbamafes (Urea and Ureids Urethanes) ' 

Carbohydrate Foods f 

Carbon Tetrachloride J 

Tetrachloride Mulford Capsules 0 3 1 cc } 

Tetrachloride (For Human Use) P D & Clo Capsules 20 m nims i 

Carbromal j 

Cargentos i 

Capsules 3 Gra ns . 

Ointment 5 10 Per Cent . 

Urethral Suppositories 
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C»w»ts 

CltKIicii, CiiKlirlt licjIM* aii'l ^prcul CamticlArrlimon 


Cl »iilnr»tici . 

AmpMlfi. 1, S C« 

OiiulnioojtTi lJ<rivi(i\r4 
tb<:vtin‘» Jj Aci.l<ii*i 1 >' "il- 
tliiniofon . . 

.... .. 

Vniirie Cnalri) T»U«» OJS t.m H jjrain 
-•'fjrlr. T»U»tt. 0 il Cm <4 ar » 
ihlora] l)«rtT*'i(rt an I 
CViloraniina . 
rrrrafiiKtia 

•T fUemtnto) 

■T 

CMi rt<rnc 

Towilef, AronMii. 
f'UfKiMl Crf'ni 

'•iiraifal <U«** 

T*V««*. <«< (fM"'* 

iTiMrl.titj/iPil 

UMMXfa 

tniarrionr 

a'^(l Avictnalm Oi>vtin»n< 

I & JCT»lll» 

IlilartnaipJ I’lralTin 
thUxtw Sa.!-* 

( htnpntvl 

TaMfH, j gram* 

OhotfiUtp Talilft* l>nto<iarine R®«1>« 

CTinlpra Ilaeipfin << tiolefa Vaftiftp) 

^pfolia<.tffin MiilforJ tSpn»imf<l Cli ilrra Va<tin ) 

Vafcine lPfoi>livlat.iic> 

'aecifip. I*r<>ph»IjfiK (l-ill»> 

Cinchnphafi 

jlbbait 

•Alboif Tablp««. f 7'i f*am* 

anj Cinrbopbpn Pprivali»p» 

•P.F C 

Cajfo Talilpn 5'; gritn* 

•Mallmtt fffdl 

■Pfiirr 

-S9ii)b!> 

Cr.ATKa AS \o Oiicts r*c.»f — Uiie 5 

U»w*t«i.?iTro Tii**<peiTic — kiat 6 

ClinaOol C« f Col I ivor Oil tcncenifale 

Cl IVICAL b V tOPKCt 

Cociine an<l Adronalin Tablala 
Coen Oulnine 

Coil Lwet Oi! 


all FTliatl 
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Cod (Continued) 

liver Oil Meads Ne\vfounillaii<I 
Liver Oil Nason s ral-itable 

Liver Oil Parke Davis & Company Standardized 
Liver OilP D & Co with Malt Extract 
Liver Oil Patch s Flavored 
Liver Oil (Plain) Scott a Norviegian 
Liver Oil Scott s Emulsion of 

Liver Oil Soluble Gelatin Capsules, Parke Davis &. Company 
Standardize! 10, 20 minims 2 5 5 Oin 
I iver Oil Squibb 

Liver Oil Squibb s Mint Flavored 
Liver Oil with Maltine 
Liver Oil with Viosterol 10 D 
Liver Oil with Viosterol <• 

Liver Oil with Viosterol 

liver Oil with \ losterol • 

Liver Oil with \ losterol 

Liver Oil with \ loeterol * 

ColUrgol 
Ointment 
Colloidal Calomel 
Silver 

Silver Iodide Compound 
Silver Ointment of 
Silver Preparations 

COUMZNTS OV TUB RuLPS FaPLANATOBV 
Complex Iron Salts 
CoMFOSiTiOK — R ole I 
Stmekent op 

Compounds Containing Pentavalent Arsenic 
Containing Trivalent Arsenic 
Solution of Alphanapbthol 
Syrup of Calereose 

Yellow Oxide an 1 Adrenal ne Oniinient M E S Co 
Compressed Tablets Protan 5 grains 
Concentrated Culture of Bacillus \cidophilus P D L 
liver Extract Armour 


Copper Ctrate 

Citrate Mallinckrudt 
Citrate Merck 

( itrate Ointment (5 per cent) M E S Co 
Citrate Ointment (10 per cent) M E S Co 
Salts 

CtP'Ptciirs Patejtts Txadesiapks Ere — Rule 9 (Covmbmti.) 
Corresponding Jlcml er 
Council Members of the 

Council on PnAastAcv an« CnEuisrav OPFictAL Rules or Tiit 

Council Purpose and MtTiinDs <p the 

Cremo Bismuth Afulf rd 

Crcosotal Winthroi 

Creosote 

and b ucalyptol Sorensen It halani Chlorctone 
and tiuaiacol Compoui ds 
Carbonate 
I’henylpropionate 
Cresatm Dr N Sulzberger 

Cresol 

and Cresylic Acid Preparations 
Derivatives 
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iVfSDfs .Molfori], PunfieJ Thr« 
iKsy) Acetate (m) 

Cresylic Acid Preparations Cr. sol and 

Crotalu? Aii'i’oxin 
(Vude Digitatcin 

Crys’aliiiahle Bcni< 1 . 

Crysiallutd Ouaha.n 
Strophin'hiti , 

Culture BaciIIuj Aeidophilns {.nitcd {Aboraltirirs 
pipnc Citrate . 

CupiiMticliy. Cupric Applicators and bpcetal Cuw«. Applicator* (( 
per Sulphate 20 per <miii 
C upric Sulphate . 

Cytlofaarbita) 

Cycbhcacnyl ethyl haiLitunt atid 
Cyclosal , . 

Cymarin . 

Sofulion, Ampule* 

Tablet* .. 

Cypress Oil 

-Oil of, Srhimmel a»J Co 
Deehelin , 

Soditinj . 

podium, Ampoule* Sohui.ni. > i»> rent l*i «« iO i-cr cent, id 
Tableu, J)* ipraias 

Dmettwe ot PKif»iei»a\ Ani.u- 
Ocbydrwholic Acid 
Dermal Test, Rhus To* 

DaseeirTtvE (Sciesririci N**«a. Wnrs Ktgitssu 
Deaiieated. defslied hoa m ■'na'-h 
Sectrose . 

AmpouJ., so Pee Cent Jn <c *ff‘. sO le lAbnoiii 
•Pu Sodium Cblofidt Ampul** hisldi. .'•) <« tSrarle) 
(dClucoce), Aniioute* Om, on « lO I*«i « ifahcsi 
„ ^b*) 

U S 1’ , Ampoule Stmlr .Soliiti n 5 Om lU i» 10 Cm .'U >, 
„ y « «*> S MUlrr leJhsl 

L' S R {Clucoscl S't <>m ri> cc Anipuie yS Cm. SO > 
Ampule, SO Om 10t» Ampule (S & D- 
D S 1’ (Glucssci <•>•< S'l <.«. Double bixi \ii) & 2>> 
V S J' Lilly Ampmilr* l•ll■(vu< 10 Cm. ru cc , jS Cm Su c< 
^ SO Gn , too « 
piacetylaminnaioiolurne 
I)iacetyh|,o»ypI,enyIiiaiin 
•WiapiMKie Afcn’s 
Keasenti , 

Dnl Cl La 
Ciha. F!,„r 

Uha. Tablet*. 0] irni i) , cramA. Hfll Cm kwuiI 
Cib*. Tablets, 0 I tint (I'* grain*! 0 m Itm I' araml 
CiLa vijit) Urethane. M.tilr Ampoule* Wnti-n II ' et 
Diallylbarbcturic a' id 
I'latlylmaionyluna 
l>iamiiiocicfi<litiium m>inuhylr>t!e! 
l>ur»enoi 

AmpMile, 0 j, U j u I .‘4 tl : 

'i'Vlium, 0 15. 0 .t n 4‘. (I*. <1 




DiehJo'amiiie 
•r (Ah‘-s,ii) 
('iiontjnta 

Dirlt Te.t, y,rafl. 
Tot, hcarlet I 
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DiRalen InjtclaUe Roche 35< 

Roche (15 cc vials) 154 

Roche (CToetta) 154 

Roche Tablets 154 

DiCestive Enzymes 150 

Drfnfolme Ciba 155 

Ciba LiquKl 

Ciba Solution, Ampules I S ec 156 

Ciba, Tablets 156 

Diffipoten . IS** 

Tablets % 16^ 

Digitatein Crude 15* 

Difitalin 'Trench 1^? 

German 15S 

Homolie 8 158 

Schrmedeberg s 157 

True 157 

Djjritalire Amorphe |5j 

rhloroformique 15® 

Cnstaflisee (Nati%eite) 

Digvtahnum Veruni Ktliam '57 

Dig tails Da^Test Blark Cofisrtle iteheil 
Itaf D^aiud lV)eths CeptuUs 

Leaves ^Qnibb Tablets I eat mnl (APPeatsmalely V't ara ni) 441 

Mulford Fst Tree Tincture o( *?; 

Pil (Davies Rose) Jei 

rrepnraiions J?S 

Principles };; 

Principles and Preparations Hr 

Principles ReUteil 
5o«i6e ToWetj i Cran (1C 
Ttnetxire D oTest IfcNc/ 

Pmetiirc Piinfi'erf S fr O 
U ilbee Tablets 
It liber Tinesitre 
Digttan 

Ampules (<or irypoderitiie Use) 

Tablets i'/i grains (0 1 <'m ) 

Tincture 
Digitol 
Digitos 

Amp lies 1 5 ee 
Digitoxm 
Merck 

Diio<lobydroxypropane 
Diiodotariric acid 
Ditnazon 
Oil 

Ointment 
Powder 

D meliiylxanthine f5 7) 

Dinnrmaibut)! p aminobenzoate trinitropheurl 
Dioxyftuoran 
Diphtheria Anatoxin 
^jifttojin (Hirson) 

Ant'toiyn (LeJerle) 


> I’ TP Ti eture) 


ei) 


Serum CMut h) P P ^ , 


Peparimtnl of /tealih 
Clohulin} 9gu bb 
G It land > 

(U S K P ) 

(f Dohmr) 


SchFclf'Test Tosin Dilute! Ready for A Imm «ini on G II Im 1 
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liiplilhfria (Ct>nlinued^ 

Toxin-AntitOTin Mixlutr 

Toxin Antitoxin Mixturf ul L+ (tutur) 

Toxin Antitoxin Mixtott. 0 1 <GoaO (CiHtfx) 
Toxin ^tltItoxln Mixtnrt 0 1 L+ <CailUlantl) 

Toxin Antitoxin Mixiut^ 101 L+} <L«{erfeJ 
Toxin Antitoxin Mixtuxt, 0 l 1 + <G«it) 

Toxin Antitoxin MixiuctfOl L4- 

Toxin Antitoxin Mixlotf, Jtew FoTtnuta (Pact. Ganibal' 

^MuJfortJ) 


L L-l-) _ 


, . ..^-Antitoxin Mixture (lliphthxtia Piophxlactic) (V D Col 
Toxin-Aiiliioxin Mixture, 01 1.+ (F D 4i Oi i 
Toxin Antitoxin Mixture |Nrn Fonnuta) SquiM> I 

Toxin Antitoxin Mixture llxrw Foimulal iShcep) Squibb i 

Toxin Antitoxin Mixture 0 1 L+ (U s S p j i 

Toxin-Antitoxin Mixture 0 1 L-»- tOoatV <U S S !’ 1 j 

Toxin Antitoxin Mixture 01 L-l- Non Sensittiiog (Slieep) 

(u s s r) i 

Toxin Diluted for SthieW Text (V D & Co ) 4 

Toxin for the SeSielt Test ICuttiri J 

Toxia ior tb* SclncW Text t Molford) J 

Toxm for Sebirt Test and Control <U S s p > 4 

Toxin for Schiek Test m Pxpione Soloifn <L/td<rIe) 3 

Toxm for Scjnek Test piluted R«atJv for C»«Lt!<v f 

Toxin for ite SehicV Tr»i Ktxd) to I'm ««hoin TliUttian Squibli 4 
Toxoid . 3 

Toxoid Cutter 3 

Tuxoid Gilliland J 

Toxoid (Lederlet 3 

Toxoid (Lilly) J 


Toxoid SquiSI) 

Dixict AcvsxTistxo - Hi II 
fdtsrNrecTitNi's aho Cemmic 


Duaxtiox or AectfrAS 
Ily** 

The Aeruiitie 
The Am 

The Kluortseem <I'>i 
The Phenolphthalfiii 
The Ttiphenjlmethar 


flixir Dial Cilix 
Ao 230 fptieilrme ^iilihaii 
of f'y/'amWoii 
of I’rronaJ 

f'are/Je/isJ /'et/er 

rmeline llKmulh loilnU 


>nie 


: Co-it, 


Cuaieil 


& I> laCHlx 
ine Mliuit Qoi (<iT< 
MnSitinsI Vatu, ml 

••\xti nil ■ 
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(Tmt t-f!) 

( onfou”! * I If ( hiljtit 
Tomp n ! «• ninrni 
Mr f«eM r t 
Mj U <hl f 1# \f ^ « 

Mf IfCxM » } M* H \ri 
M> JrcxHtor If Ml Cji^gli 

ft rr» n 

llj ifOfhl f If All^tl V 
Mr Irochl c I M t T< (i 
11} i»t<M r if < Iff a I Ir*i 
Mr IfpfUuri L 1 r 
Mr tr <l> t*' If Ij If M}[ rt 

0 CJ J Cm f ffj n 
tljc.re' ht r I I t r ] irulff 

M»lr*<lfVf\ j r 

Hr Irofhl r I > b r < 
Mfclrof) I t r I 1) A Co ( 
Mf Irnfhl I*-! fr^f 
M} I ofhl r r I ftr la t I 
11} pwl^l r If Si b 
M} Irnfhl I If b ( I Ta i I* 

M} i ofVI f If Swifi M)tfi 

11} IfpfM t If s«an M}fr» 

11} tfofhijr f '•}f 
Hr I wh r f Tat t T I 
Iril alanl b«jn M) ? 

Jfl, lall.a 

'«*' ^ 

IM nil 
Suirhaic 
Sulfhalf Al t«Ji 
''utf'haif M » f So 
Suihaifl nr an i Incrjn 
Sul| hatfl Ilf 

**«lphaffl If Ampn If* I c 
Vulihalf-I Ilf H { flfftr < T 


: Ta fl. Cf'i' < f 


lit r a n) 0 5 < - 


* H It rra n 

It C al7 0 J r 


li> 


i n 


*pa n 


^utphaif I 11} 
s || ha r I If ■'oi i I 
** Iphaif I 1) S t o 
Sulj half 1 MAC 


( 0 5 ( m 4 ai era n) OOS C 


Sulpf 


D A Co Gl H-ft e Arn«i 


■ per il 


^utphalr-I n A Co 
Sul I atf Syrup (lea 
Sul I atf Syrup ( era 
Swan Mfcr* 

Fp fiephr ne 

and Hutyn Mrr'flrrfr c Ta Jri« 

Attf>tl 

and tpnrphrnf t rrparat oit* 

an I i roca nr Itorair Arniulra I rc 

ChhnJf Selut jn Attaft 

llyd cekhnJt Ltdtrif Sim r J t 9 l> lal r 
IrJfrlt Sclut cn 
/ <n Jfr II i/ffl" 

Proca nr Ampulfs 1 Cc 

I roca ne Hr[v»lffni c Tallri S« I ml 
Solut on 1 1 000 II lion 

II /son 
1 rgot 

\>fri c . , , 

A*epl c Ampoulf* 1 cc 
1 rgotim ne TarUa e 
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Fosipelas and Prodigiosiis T.iMna (Col ») 
and J'rodignostis To-cin^ (Col«r> (i* I) X Co ) 
Antistreptococcu? Serum 

Antistreptococcic Serum Ijllv iConccntralcd Olohuliii) 
Streptococcus Antitoxin 

Streptococcus Antitoxin (Ccncinlrjledl Miilfoni 
Streptococcus Antitoxin t nncrntrated S<l>nbl> 

Streptococcus Antitoxin (l^dcrle) Kehncd and ( rnieiitrsir i 

■’ 0 X 1 . 


Diiodobrassidate 
Salicylate 
Salicylate Merck 
Fth^lene-Cheney 


for Anesibcsia 

for Anestlieaia (Porttan Comiifi xed t.a« < orp) 

for Anesthesia, Walco 

Lennox 


(/, iitl'iil l'ro"h\lai 


Fucatropine 
f'uphihalmme 
/ IKIHIHlHf ,V } 0 

Lureial 
pro Capillis 
Fvibbncb, Clinicai 
SUBMtTTEO 

RxcBrnovt m Ktip t 
FTrLaXATnsy (oUMaHTx nx riir Kiirx 
rxcToaiBs In'^bctiox or 
Fai'e Claims as ro Oaicix — Ki ir t 
Fat free Tincture of l>>eitalis MutforJ 
1 eriohen 

r«Tric /f/nmonixm Citraf L/dfrU La^iul.s 0 ' 
feri’o-Sajcdin 

-Sajodin Tablets 8 grains 
Ferfoui Lactate 
J’rrrufn Laciicuin 

Fibrin Fernieot* and Thrimihii'ljxiie S|ili<uiicix 
/'ibrogen Local UerrcH 
lineal Meftell. ? ee Vixlx 
FiljciC Acid and Krlilrd Sidxliritea 
Fluid Fxiraci of t rgul I rdrrle 
Mumenn if >V X 1> 

H \V AD Tubes I'l' n.'n 0 Vjn (,R> 
riuoreseein 
Merck 

(I’yronine) J’yes The 

Fortils ( arlw h>«lrate 
Medicinal 

Furm ildchi ,// *■ 


1 C oinpeiinifs Whieh Liberal J nrinal Ichi.j 


ADvraTisrisaxTs t 
. Ill ide ilmrj i'arkrr 

l,-rm 3 lJehiJr , 

|•rrparat|ons a ' ‘ 

J ormin 

TaMets 5 grains tU J <«nt|. 7*^ grainr iff 5 Cn I 
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J90 

391 


Ck Gangrene Antitox n fComb ne I) (1 Hy) 360 

Gangrene Ant tox n (Comb el) Kefned a I Concentrated 
I D I Co 361 

Canerene Ant tox n 

\Vuhout Tetanus 360 

r-ingrene Tetanus Ar 360 

Gangrene Tetanus 

centrated P D & Co 36 

Cangrene-Tetanus Ant to* n 1 cfined and Concentrated (Lederlc) 3 j 9 
Celatn Compound 1 henol led 203 

Ceneral Anesthet cs 43 

Centian Violet A!ed c nal 186 

Gent an \ olet Improved Med c nal (Coleman A HU) 182 

\ olet Med e nal Vat onal 18? 

\ lolet Med c nal Nal onal Enter e Coated Tablets 0 03’’4 
lii gra n) 187 

\ lolet Med c nal Nat onal Tallets 003'’4 Gn ( j gran) 18' 
Germ cidat D scs of Potass o Mereur c Jod de Nos J 2P D A Co 297 
Tablets Potass u n Mereur e lod )e Kalmer d 297 

Gfkuicioes and D s nvectants Standa* zation or 
C Utland t Coneentraitd end Refined /) {‘llherte Anl lex n 438 

Concentrated and Refined Tetanus Antuox n 438 

Ctasept c Ampules IJ smoth Sal cylace n O I P D A Co 1 cc 113 

Ampoules Lpbedr ne Sulphate 1 )> N Co 0 0$ Gn (fa gran) 

I ce 193 

Ampoules Mereurr ^aleylaieJ D & 0 06$ 0 13 Cm 86 

Ampoules Mere ry Suee n m de I D A Co 0 01 Cm ( » c a n) 87 
Amfieulej Sod um Caeodylaie F D & Co 0 I Cm (1\ pram) 

0 iS Cm (i pra e) 0 2 Cm (S gra s) 0 S Crru (S pra n ) 

0 4S Cm f? pro nx) 1 ee t 6t» (tS > pra t) 2 ee 439-448 
\mpoules Solut on GI cose $0 per cent 0 cc 50 per cent $0 
« SO per cent 100 ce (P b A Co) . , 268 

Ampoules Solut on L vrr bxtractl I) A Co (Intramuseular) 


i ee 


I Gn 


Glucose (Dextrose I S i ) 10 Cm 20 cc \mp le 

50 ee Ampule SO Gm 100 ee An pule (S ^ 1) ) 

(Dextrose U S P ) 25 ( m 50 cc Do ble End \ al (S A D } 
(Dextrose U S P ) Lilly Ampoules 10 Gm '*0 ee 2a Gm 
sn ce so Gm 100 cc 

50 per cent 0 ec SO per cen 
c (P D A Co) 


261 

67 


Glasept C Ampoules Sol I on 
50 cc 50 per cent lOO ( 
Clucos dum e sc 1 a solub le 
e sc lla lotum 
Chci 


1 a 


Chee 

(LeP 


(half s ze 

f 5 gra ns 

H W A D Tablets rnierc (^ ed 
Clysal 
Gold Salts 
Sod um T1 osulpl ate 
Sod m Th osuIphate-Abbott 

Sod um Th osulphafe Abbott Amp les 0 01 0 Oa 0 1 
Sod m Th osulphate Searle 

Sod un Th osulpl ate Searle Ami Is I 2 5 cc 
Croup Irote n Ftlra tiD agnostcl D & Co 
Gua acol an 1 Creosote Compounds 
benzoate 
Carbonate 
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Ampulcsi I cc 
•soJution 01 I’er Cciil 
Tabletj, 0 001 Gm 

Iralazone .... 

-Abbott 

-Monsanto 

Tablets-Abbott 

lUIivtr Oil witti Vioslorol 250 P Abbott 

Oil with Vioaterol 250 D Abbott, Soluble 




Oil vtilh Viosterol 250 !> Parfcc Davis 

Oil with Viosterol 250 T>, Parke l>aviv. Soluble Grlatin Capsule* 
ifemogloliin Ueriiativcs 
llexamethylenetetramine lelraintli<le 
llexylreinrciBOl S & D 
Solution . 

Uiralhiot . . . 
tiolocaine .. . 

and Adrenslm Ointmrnt Mist 
Hydroehloride 
Ointment M E S Co 
uoraalropme Hyijroehloride 
Hydrochloride AtereV 
. Hydrochloride-Koehe 
Homneamfio . .. 

Ampules, 10 per e»tit ((or int> imuMular u«} 1 pir lent ((t 

intratenflus use) 
iremolle's Digitalm 
mdorite . . 

Mydrargyri Bentoas 
ChlornluO] Mite CoHoidale 
Cyanidun .. 
mieleinat . 

Oxyeyanidum 


roebluride Lilly 0 016 Cm 


lets No 44 51ercuric Sii«iaipn><Je-Mul/’'r«l 0 01- (•/P 
• - --am fillv 

1 S 5 I) • 


Tablets Stropbanthin ttno. iiio gram 
Tablets Stropbantbin ’ino gram tO 1 


1 ityol ToKon OaW l.virart 
lehthynaf . 

fDEVTiricaTiov.— Kti.* i 

—Rue 2 tCovMtvTs) 

Helm (In>iilin-Lilly) 

(Insulin Lilly) H in, ’0. 40 S cc 
Immunitv Test, Diphtheria (SrbicV 1r»' 
Test. Diphtherii (ScIihI. Teat) Souibb 
"• - Scarlet fever 


r to .’0. 40 FO lOO to P 


, Toxii 


Impure Cephali 
^ Kephatin . ^ 
Isoicatiovi T 
tnbalsnt Cblorr 
tphedi “ 


I lor. 


po*Ale and I ucalvptol Sore 

. Ully 

Fphrilrine (l-la!n)-Li1Iv. . . 

- -• Cteslyfle! Serruivn 
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^>l<^fCTIO'* cr I ACT 
lti» ilin 

I ill} (Hftir t 

jillv (I!<tiiu t I ‘I 4» Sec L 10 20 40 fO 100 10c 

'hiifor 1 

Muifnf,! 10 .0 40 LniiA S cc , 10 20 40 SO I dh* 10 

‘'quilh 10 20 40 I Bit* 5 cc 10 20 40. 80 100 Unit* K 

‘'learriA 

;^teartn 10 20 4J Ln«t% S cc |0 20 40, 80 Unit* 10 c 

Tcironio 

Toronto 10 20 4 t P) 10)1 nil* 10 cc 
liilracutanr Tu!>erc«lir» lor the Mantotiz Test (Cill Umi) 
Tuhercttlin lor the Mantoua Tm (l^lerlc) 

[ST»0Dl.CT!O*t 


10 20 40. 80 100 Unit* 10 c 
c |0 20 40, 80 Lnit* 10 cc 


ioHallnc 

CaMoIes 5 srain* 
anti Mtreurol Tahlel* 
loHeikon 

3 5 Cm \mpulej 
Capiule* Swan Myers 
loOine 
Cnmjvsun h 

Cnt-pnun U lur Systemic Lie 

Hu’tinK ruwiieri 

I^eparations Cotta ning Free Iodine 
ProteiTt Comioiintis 
loliset) Fats and fati) \c ds 
Torry'^eed Oil 40 per cent 
Ioclobi«mitol 
Atnnules, 2 cc 
lodo Cas'in 

Casein Tablets S crams <0 3 ( m > 
Casein with Choc late Tab eis 
todochtorhjrdfozjiiuinoline 
lodostanne Roche 

Roche Chocolate Tablets 
Roche Tablets 0 ’4 l.m 

lopropane 


Ipecac I’rinciilcs and Prcparaii ns 
Ipral 

Tablets 2 grains 
Iron and Iron 1 onipour Is 
Citrate Green 1 O A C" 

Citrate Green 1' D & C Ami>fole* 

Iodide with Maltine and Cod Liser 

lactate 

lactate Merck 

‘salts Complex 

Salts Simple 

Irradiated trgosterol in 0«1 
Isacen 

Tablets 0 DOS Gin 
Isarol Cilia 

Isoamylethylbarbitunc acid 
Isoaraylelhyltnalonylurea 

IsobutyUllyl barbituric acid 
IsobutyUlIylroalonylurea 
lao-Iodeikon , _ . , 

lodeikon 2 5 Cim Xmpooles 
Isopropyl brotnallyl barbituric acid 
Ivvol Poison liy tstrart 

Poison Isy Extract Hjpo Lnils 
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Kslmfn.l Germicidal T»Wcl» Pouswim Mrrew.c ludide^ 2 

Ktfif Fungi 

Kflene . , 2 

Kephalin Armour 2 

JclJy (Johuton fr 7o*«*o»' * 

Lamv, Navuio Diseases oi> 

Of AufEtev j 

Lac BisftKi 1 

Uctie Acid Producing Orsani'ms >o.l I rusifilK ■> . 

laiclobaciUuj Acidophilus MdL „„c, 1 

/ocj9 methytaminoprovanol bcnccne •»> dr^h o •* j 

/.BfT® mctbylaminopTcpinoIhinrcne »uJphs«« ; 

Lsnohn ■ • ,.»•« 

Lav Apvs.visiso. Aeskie' m’* 

AB»MTi»iS6.~DiE*CT ConcrntratH i 

Sol^ion® L»2f «'««<» *”<» Conccn.rarcd. . 

V«Ii. 3 ee , ; 

Ltningallol ; 

•Zinc Ointmant 
L«nnax Lihjttcnc 
Lilly’* EphrHrine Jell) 

Lipmndinr Ciba 

•Ciba Diagnostic 

Cita Dia^oitic. Amrw'r'. ’ 

Cibi, Tablets. 0 3 Gtn Sugar Coated 

Ciba, Tablets, 0 3 Cm (Lnt<»trd> 

Lipiodol UFar . . . , 

• LaTay. Ampoults, J 2. 3 5 ce 
P adioloimue Ascendant 
Radiotogi^ue Descendant 

Lioutd PcitoUtam . e„.s», 

Pilrehitim ittfc* ■ .. 

relrotalum with Agar. Sn»iW* , t.fc.i,,,, Sou.hli 
i’«roU«um with Amt and nwnolphtb'Ic... b-?uib>i 
Jjrjuor Lxtracti CereVri 
Liibtutn Salts 

Liver and Sstomacti Preparaltonv 
I xtract Artnoor, Conrmtrated 

ixtracl rairtbilJ ,, , r 

Fstract JtnlranuacuIaO I arhe Waiw ai \ 

hVtrart^aldetle) For Oral Lse. S<du'>u'« 

3 striet No 3aj , 

fsiract No S*S. MO Cm bmlle , 

\ xtraci No. 343. Ampoule* b.du«««i •” *•' 

V»ita« No 343. Nololion 
Isiract No 343 Ai*J» 

Fxtraci (Oral). Chappet f B„eentrate*l I rit'il' «ot<iti’0 


I Parif.’DaviiS’Co. t lals 

t {Vubcuuneausl. tiarpeJ v 5 , 

rt (Snbciaianemw). Ampoul** Chlppel. - => ‘ 
lUhiif, Matine 
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L«<.al \ncstticl 

\nc»thctic« Slichtt> Sfitwlilf 
L Siiprnrcnin ^^ntlietic llitirtrilc a 


Ciisiiles 5 

Sgliiitn (Iflwci t) \micoIf<i - Krain« 

So inini (I'miijcr) Am H»lf« 5 Lraim 
Solium fallpl' 'j j l'» cra«r » 

Soluble 

lablet< '4 'i 1'. criiiif 

I uno.ol 

Capsules t) gMins 

Malt I xtnci uit) Cod I t«rr () I llorcherU» 
i xtraci wiih Co I I utr 0 1 1* II S, I 
Maltrne \iilll C xl I iver 01 

with Cod I i\er <)il and Iron liiilc 
'lanffanese Compounds 
Matmesium Compounds 
! hosphate Tribisie 
Phosphate TriblSK ^Ierel. 

Wafers Hants 

\faiufiel I igar 4 gar It otfs (U tUtam U\iit-etg DgkM e Co ^ 
Marine Liter FxfraetWJ le 
VfCorwifia / ngUth \t ntarJ 
McKesson s V iiamin Concentrate of Cod I iser Oil 
^telda 30 D Cod Liter 0>l »uh \tottcrol 
Ncwfnundlanl CoJ luer 0 1 
Newfoundland Col Liter Oil Mature I 
\ losterol in Oil 2a0 D 

Medicinal Articles Aece)ted I <it Nut Describe! 

Medicinal llenzenc 
Denzol 
Foods 
Mclubrin 

Members Correstjor ding 
Member* of the Councir 

\ten‘hal Luealiptut Cempcvid \oiol ^prax t e> 0 Propl 
Mfg Ca 

Suppositories Alpha Naphco 
Metbaphen 

Atercureitcs P 1) \ Co 
Mercuric Ilcnroatc 
Compounds 
Cyanide 

Cyanide Mallinckrodt 
lod de Re 1 

(Mercury) llenzoate *«c\ lei 

Oxide ^ cllow 

Oxs cyanide 

Salicjlafe 

Succin mine 

bucc nimide Miilfor I HyinOeriiL Tallcts To -H 001 C ni 
gra n) 

Mercuroci rome 

ir \V & D \mpouics I « 10 JO cc (‘^earlr) 

Scaled Tubes of 
Solution Sif T Top 
Suppository Aces 
Tablets of 

Merc rol _ ,, 

and lodalbin Tablets 
Mercurosal 

P.I (Intravenous) 1)2 (Intramuscular) 

Solution 
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MoncJ rom sovalerriurea (2) 

Mon'>gl)'col Sal eyhte 
Mulford Acidnph I « Itarill i4 niocl.4 
Mkttard L«'t! th MeCormckt 
Mydnatics faynilciie 

Name Cohuon Naufs \ioffeo ir Cotscii. 

DE^ctirTivE C*'Cir\TtFic) Wnen ItcuLicrD 
NaUES FOI LvoFI IVAL AkTICLEI lEOFEtETtiy 
OfjrCTIOSAlLE IlltF 
lElUAVEATLY VeFIXFH 

luOrilETABY ( TiaDE ) WitV lEEMITTEn 
IeOTEiTFD AVtl t ATE\TEt t BOI ECTA— KlLE 9 
TllEE^^£^TUALl.Y StCCFSIlVe 
NAUivr Dmfases oy I aifl 
Sarhthol Compoun !i 
Naxon « lalatailE Co< i iXEr OI 
NafuroJ O / o/ i itti liiTch Mtrrtll 
N H ilytethyll irbitiiric \cid 
N Jlulylftl yimalonyl urea 
Nc^arsphtnam nc 
1) h L 
UoW netrtfdl 
Sftr/e 
Siuibh 

S w ncl ep! en 

U bott 

Abbott Tab!*t< $ 7', erain> 

II I C 

I«derle TaLUtj S fra n» 

S<ju bb 

Squ bb Tablets S crams 
Vcodiarsenol 

Ampoules 0 15 OJ 0 45 0 0 0 75 0 9 Gm 
\fonal 

Tablets 0 1 Cm 
Nrosaltarian 

0o.e i rr II/ I\ \ M \ Ml w \\\ 

^coSlIvc.| 

Capsules o era n< 

O ntiTient 5 Per Cci t 
\ acmal S ippos tones 
Neutral Acntlatine 
\enflav i e \l l>Qtt 

AenflaMoe \Iloit Li teric t icJ Tablets OOJ Cn (j, 

Acrirtis Tie \l I ott for Ii Srasei o s Inject on 0 1 Cm \n p lies 
AcnHasine Al Iiott Tablets 003 Cn (I j cram) 

\cri0avii e Jelly 1 1 000 \llmtt 

Acr flavine Natonal I to Inject one 0 5 10 Cm v als 

Acriflasine National Lntenc Coaiel Tallets OOJ’a Cn 
(A gran) 

Acr flavine Natonal Oitnent I percent 
Aer flavine Nat onal Pro Injectiofie OS 10 Cm \ al» 

Acriflav ne Natonal Tablets 0 1 Gtn (l’< grans) 
Acnflavjne Aaf onal TroeJ es 

Newfoundland Cod Liver Ol Meads *t 

Cod Liver Ol Meads Flavored 
New Tubercul n 11 F 
Tuberc 1 ti B E Dr ed 
Tubercul n T K 
T ibercul n T R Dried 

N F AND U S P rHODircTS Mod r ations of 
N trates— Organ c 
Non Immune Senjn $ 

No med cinal Art clcs Accepted but Not Described 



generax- index 


46 S 


^'ovo^nc^AV Cos«riti.*Nt» 4 

jioTfnil ( alcium OSut'' ^ j 

i(«»c ^ruro i 

Hnr«S'njni \ 

lIof« Vrum 3 

l!w>t ^T\im {N i> ’r'> ’ j 

Hor*t StfU'nl U ^ " i 

Hot»e Serum IL , {„, ihe * mnn/t^*' TeW 

WtZ ^e'rum VvXuV VUrv.i.»e <«»««'•' 

t^'rum W’X Z 

Kh*tU. .. ._ /,< (fainx 
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Oiiaham 0 OOOS Gm (1 128 Brain) Tilly \inpouIcs 
Ampules H \V & D 
Cystallizeil 

Merck (G Stropfianthin) 

Ovary 

Ovogal 

Capsules 

Pancreas 
Papaverine 
nydrochloride 
Ilydrochlorifle Merck 
Hydrochloride Rodie 
Sulphate 


i a i 41 i>i \ioi B ui ly iJ: 

Thor Mone Lilly 1*20 S Cc ^}J 

Parathyroid Extract Jlsnson 
CUnd 

Hormone Sqmbh JjJ 

Hormone Squibb S Cc 

Paratyphoid Typhoid Dacierin Swan flyers (1 rophylactic) ('''I’CH,., 
Lab «) 

Typhoid Bacterial \accine Immunuiiis (GilMand) 

Typhoid Combined Vaccine (V D Co > faj 

Typhoid Proohylaetic (Cutter) 

^phoid A Vaccine (N D ,8 

Typhoid Vaccine Combined (U S s 1 ) jL 

Typhoid Vaeeine (Prophylactic) (P D A Co ) iL\ 

Parke Davie & Company a Cod Liver 01 with Viosterol 10 U y.i 

Davis A Company Standardised Cod liver Oil _ .. _ , , 

Davis A Company a Standardised Cod Liver 01 Soluble Crial n 
^ Capsules 10 20 mtntms 2 5 5 Cm jJa 

Davis A Co a Viosterol m Ol 250 D ..a 

Parke Davis Haliver Oil with \ losierol 250 D - t_ 

Davis Haliver Oil with Viosterol 250 D Soluble Gelatin Caps'll' ... 

5 minims i.r 

Piroyjm jls 

a Cc . Q 

Parresine j,g 

Parresined Lace-Mesh Surgical Dressuiir , ■' 

Pasteur Antirabic Prevenine Treatment (Hams Mol Re tin) 

(Iillj) ,71 

Anti Rabic Vaccine (Gilliland) 

Atitirabie Vaccine (^uibb) 

Patch s Flavored Co.1 liver Ol 

pATtsTto PaonicTS AM» PaoTicrri \am»» Rale J " 

PATtvts TaADEMAias Corvai nss Ftc — Ritr 9 (( ouvirye) ** 
Pcmf<7 lf<-nt/i<i( r I aht'"t CiUBpoai I Vuaaf Sl'ro} PrnpA v /J a 
V/? Cc 

1 entamethylenelelrazol jtj 

I cntntieleotide ,^1 

Vials 10 cc •’jj 

Pentobarbital Sodium q, 

um A1 bolt 

Sodium Al bolt Caj Milf' 1'^ srains aj 

Sodium I illy 95 

SodiumLilly Piilviilcs f, grains 4,; 

Tablets }i '» 1'5 prairs (Abbott) jlj 

Pepsin Group Incliidma Renmn jol 

Perfringens AniitoTin (MuKerd) |S 

PEiiiA'itMLV Arnsro Naves » 

Prrojides 1, • 

Metall c 
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(•nil Miiv r>( M>|tnr'>i> 
{»>lh rh'tioii tiJhaUiBJ 
i’rtrolsfum 

liliii'*. Ilra»» irriirf 

Wt'ik, i i<5 nil 
• iih Aeif «nl (‘hrni.l hhj' 

*ilh .\s»r. SjuiVi* I *■ "I 

rhT'iWn 

I'hpriirrJm 

I‘>.ri>rli>lm t>rm am > ' 

l*hpM(«al 

J'lpnrrpt' j!r} 

all ital 
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f S I' ffiflUf ^ If ■ - 

I I.P KK 4 

I'brnrl l>pr>yalivr« 
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r-” • 
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I’hmuii 1 •> v« 'I • 
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Plague Bacillus \accne 389 

Bacterin (Mulford) 88 ® 

Vaccine (Prophylactic) (led rle) W 

Vaccine Prophylactic (I «lly) 389 

Plants Magnesium Wafers '’81 

Plastic Paratfin (Paraffin Tor Films Sui^ ca! Paraffi ) J19 

I neumococcus Antibody (ilobul n Tyie 1 Mulford 369 

Poison Ivy Extract Xvyol 346 

Ivy Extract Hypo Units Ivyol 346 

Ivy Extract Lederle (in Almond Oil) 347 

Ivy Extract Lederle (in Almond Oil) 1 cc 347 

Oak Extract Ivyol Hypo Units 346 

Oak Extract Ivyol Mulford 346 

Oak Extract Lederle (m Almond Oil) 347 

Oak Extract Lederle (m Almond Oil) I cc 347 

POISO>OUS SuBSTVNClS — RULE 7 30 

Policies ox Firms Detrimental to Rstional Therapeutics — Rule 11 11 
Pollen Allergen Solutions Squibb 30 

Aniigens Diagnostic l.ederU '*3* 

Antigens Lederle 3i 

Antigens Lederle Concentrated , 

Antigens National *3 

Atopen Solut ons Mulford 

Extracts Arleo "4 

Extracts Concentrated Cutter 
Extiacts Cutter 

Crtra ts Diagnostic Abbott ?"7 

Etiracts Diagnostic Mulford (Slarp & Dot me) • 

Extracts Diagnost c (N D Co) 

Extracts Hollister Stier ,, 

Extracts Mulford ,, 

Extracts Sh an Myers Va 

Extracts Swan Myers Concentrated A 

Pollens Dried Mulford (Slarp 3r Do! me) ..g 

Potasiu Hydrargyn lodidum 

Potassium Bismuth Tartrate D U L ..t 

Bismuth Tartrate with Buiyn D R L per tent ”, 

Bismuth)] Tartrate Sodium 
Ouiiacolsulpbonate 

Iodide and Mercury Merck _ _ >oT 

Iodide Sterile Ampoules Mercuric OOd Cm (Ji gran) (Abbott) 
Mercuric Iodide vjf 

Mercuric Iodide Kalmerid Germicidal Tablets r> t, r ’97 

Potassio-Mercunc Iodide Oermicidal Discs of Nos I ’’ P D 8 : Lo 
Prepabstions and Mixtures Pharmaceutic (Names for) jj 

Preservatives and Vehicles jj 

Previous Noncoupliance and Fraud 

Proca ne Abbott 55 

Borate 57 

Borate and Epineplirin Amjules 1 cc 57 

Borate Searlc 58 

Epmephrin Ampules 1 Cc 53 

Fpinephrin Hypodermic Til lets Nos 1 S. 2 j 7 

HydroeWonie 58 

Hypodermic Tablets )4 gram 58 

Nitrate 396 

ProdiKiosus Toxins E rys pelas and (Coley) 397 

Toxins Erysipelas and (Coley) (1 D V Co ) ,75 

Proflavine 17o 

Abbott 176 

National 146 

Proposote 148 

Capsules S 10 minims 
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Vaccine (Semple Me (bo I) Squil l> 

VaccineU SSI' {Seinj te Mell o 1) 

Radium and Radii in Saiti 
Bromide 

Bromide Ra liiim Beige 
Carbonate 

Carbonate Ra lium Belc 

Chloride 

Emanation 

Sulphate 

Sulphate Radium Bcli,e 
Radon 

Radon Co Inc 
Radium Tmanatinn Corporaliun 
Reagents Diageostic 
Reconsioekation of Articles 
R ectal Suppositories Alpha Naphco 

Red Mercuric Iodide . r j i 

Re/ined and Conceniiated Anftpneumococcic Serum, Tipe J Leorrle 
Related Digitalis Princi|Ics 
Rennin Peism Groui IncliUing 
Resorcin Acetate tn Ilydroxyphen'l Acetate 
Compounds 

Resoreinol Monoacetate 

Monoacetate ta'lman Kolak Co 
Resorcinolplithalem 
KI odaline 
Rhus Preparations 
Tox Antigen Stnckler 
Ton Antigen Stncl ler (1 cc v« In 

Tox Dermal Test 1 

Tox Dermal Test (1 ce tult i 

Venenata Antigen 'itrtckler \ 

Venenata Antigen Str ckler (1 cc s aN) , 

\ enenata Denial lest Sinrkl r . 

Richards Istllium Seed i 

Riodinc * 

Capsules 0 2 Cm (3 1 ^r ■■■■«> j 

Rosaniline (1 riphcnylmelhane) D es The . 

Rubrum Scarlaiinum 
RULF 1 — CONPOSlTtOW 

1 — CoUPOSITIOV (CoUSlfcNTSl 

2 — lOEXTIPlCATION 

2 — ICBXTiriCATlOX (CoUNEfcTS) 

3 — Direct Advektisikg 

3 — Direct Adiertisisg — I as CotEXTisisc (Co«»iE''rs) 

4— InOIRECT AotEXTISIXC * 

4 — Indirect AmcHnsiM. (Couiiehts) 

5— Ialse Clshis as to Orioiw 

5 — Ialse Claims as to Oxicix (CoMWFNrxl 

6 — Unwarranted Thexapeltil Claims 

6 — Unwarranted Thersplutic Ciaims (Iomxients) 

7 — POISONQIS SUBSTANtls 

7 loiSONOUS SuUSTANCES (COMMENTS) 

S —Objectionable Names 
S —Objectionable Names (Commekts) 

9 — Patented Products ano PaoTEtTED Names 

9 — Patents Tradeuabas Copsbicuis hic (CousiENrs) 

10 — Unscientific and Useless Articles 

10— Unscientific and Useless Articies tics 

J1 loLICIES OF I IRUS DETRIMENTAL TO RATIONAL JllE* .(.5 

II loLICTES OF PtRMS DETRIMENTAL T RATIONAL THE** j 

iCnUHENTS) 
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Scliick Trst anJ Control Dipjithcm Toxin for (U S S P ) 
lest (Uiplithcria Immunity Test) 

” . Ulilliilieru Immunity Test) Squibh 

1 I>>lutril for (1* D X Co ) 
n for the (Cutter) 

I for. Diluted Ready for Use Lilly 
1 for the (Mulford) 

I for the Ready to Use without Dilution 


. PFtcisL Rrsiiturs Tne 


Test Diyilitlierii Tost 
lest D phtlicria l»xi 
Test Dll litfiena T« »i.. 

Test Ui|litlieria Toxin 
Test Dinhiliena Toxi 
SquihS 

Test <CiJI»lan<i> 395 

Test (Lederle) 399 

Test in Peptone Solution Diphtheria Toxin for (Lederl*) 399 

Test I eptone Diluent (N D Co ) 

Test loiin Diphthiria Diluted Ready for Administration Gil ibnd 399 
SchiefTelm Psjllium *'ee I 3'’6 

Schmiedeberg a Digit ilin 35/ 

Sc.Uaren Iff 

Solution Iff 

Tablets Ifif 

S.. llaren It Iff 

IJ Ampules 363 

StoPE OP New ! 

Scnpnhmine 
Stabk Knehc 
Scopomtmiit 

bentt s J muhinn of ( nd } istr Od 
^orHeglall Coi Iiser Oil (llavorel) 

Norwegian Cnl Liser (Jil (Plain) 

Sealed Tubes Mtreurochrome 0 $ Cm 
Seal or \cceptaxcb 
Secxecv Ob;ectiosaiii e 
SbcxETS Trade 
S emen Psyllii 

Sensitiaed Acne \aceiiie Polyaalent Mulford (Acue berobaeierm) 
Taeteria] \ aceines S«rohacicfins 
Cholera \ .» e . ^ c. v 

Stsphyloe 
Triple \ 

Typhoid 

Serobacterin iVene Niiiiioru taeiisiiueu . 

(Mulford) 

Cholera Mulford (Sens lire I Cholera \accme) 

Mulford Acne CSensiliied Acne \accine rolj valent) 

Staphylo (Sensitized Staphylococcic \accine) (Mutforl) 

•Typho ^fulford Mixed (S nsiiized Triple Vaccine TAB) 

Typho Vlulford (Sensitized Typboi I Vaccine) 

Serobacterins — Sensitized Bacterial Vaccines 
Scrum Anti Anthrax 
Anti Anthrax (Lederle) 

Anti Vnihrax Mulford 
Anti Anthrax (P D & Co ) 

Antidysenteric 

Antidystenteric (P D & Co ) 

Antidysenteric (Polyvaient) (Lederle) 

Antidysenteric (lolyvaleni) (Mulford) 

Anti(jas Gangrene (Mulford) 

Antimeningitis (Mulford) 

Antimeningococcic (r lliland) 

Antimeningococcic (Lederle) 

Antimeningococcic Concentrated Lnlyr 
Antimemngococcus 
Antipneuniococcus 
Ant memngococcic (N D Co ) 

Antiroenincococc c (P D & Co ) 

Antimeningococcic (Souihh) t t ./l^rle 

Antipnecimococac Refined and CtmcMtrated Type I Ledene 
Antipneumococcic Type I (Gilliland) 


3 6 


397 


ilent) 
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5tranj (ConlinofJ) 

.JniifitifUTiococcK:. T (MuSfofJi 

Artfij-n'umococcif, Tjm I r.N II < • • 

Amifnfumoroccic, Tjjr I f^tjuil.hi 

Anliitffpfocnccic I ill» <C' xicmtr^ir i 
Ari(i«trfpUK'''c^t * 

Muinun 

h'TmjI Unrii". 

?>«rnal Horse (GilMsn.tl 

^urnaJ Horse (t^lerlr) 

'ofmal Horse (I ill»l 

Aoriiijl Hone (.V D Co I 

Vorr-it Horse I’ P ft (o 

>'>frnt lI.Tse {'!ou lb) 

formal Horse fU S S I* > 

Sofinal Hrorn the Hone) (t utls'Tr 

Aormal [from the Horse) (Molforlt 

formal Horse (1 10 D.lmiunt I ir ibe C. »i«.nri sal Te*« ' J-e-'' 
Normal Horse. W,(!ioui I*t»s rsai.se /Ms»f>if> 

Nos'h Amerirao Afti .SnaVe D.-e iSluIlor.l 
I oil »a!r nt. Anlinief lOBOT « ei. 'I s S I' > 

TroriraJ .^ffl*rlfJn Ann ^ris.e I ir iMilf ii> 
iffums Amil.afferial 
inl Vaeeinrs . 

Silsrr An;!ieflaniin» 

Li'rate . .. 

‘ '■««<; Mert). 

1 o’t >1 iat 

iJet'ie Merck 
^|*ral• . 

N'trae, Afiic«)ii(e n I * .eii u<t#» 

Nilra'e, AirJ»iule S Hiii « i 1./ le» • 


Nilra'e, Airj»iule S iiin « i 1./ le» 

Niirite Art I nun I \ff I « b'" • • • 
Sileale, ( at lu'ra .s. lilt, n > >' < if) Hi 

I'rervafali 


•'..raie, s at lU'ea iiit, 
I reftafaii ns 

i.’feiieaiK'ni Cj'J.iIjI 
•1 l"•eln, M,(l 
I e"lfln Nifcn/ 

'• 'I. Sioifte 
•■'iWaisjrs 

^ ,'J'Tif.an. 0 1. 0 H ( 

I' Irrs 5 I'rr Crnl 
5' UO en< I Ivr ( rf ■ 

^ Sifiral t firs. 


'^'ri e r <».«! A 'o- . 
’ K'rlsl A '-e rpitrfi 
• jil.t I < trt • 
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‘'cl fffc Tfi! an 1 Conlro! Dijbtbrru Toxin ( 
ItU < llipitthfrta Imnunity lr%t) 

Trit (O rhthrna Iniminily lr«t}Sinilt 
1<*.t 1'vw lUw»l int iV t 

1 f«f I) I hth'fn 1 « iin f r ihc <(.u tfrf 

UiitiUtu r. i r HJoirj Krair f 
1 c*i I> I Iiihtr a Toxin f r ibr ( jf ilf r I) 

I>ihtSriu Toxin for Ihr Urad)' »* f 


HTJi . 

T*'t a. llilanl) 

Text 

Tt*l in 1 ScJ »V 

let lone t) I lent 
Tut Toiin l> pMhrna 
^chifffel n I |>l;ium *>rr 
'^chniir Irbrre i 1) iitaltn 
Sf Ihreii 

TaMeti 
Sc.IIarrn J1 
II Vrrpulex 

Sforr or Srn ax N % 


I I>i}} Ibrtij Toxi 


liu 


s < 5 . {Piniut 

So It 1 f ntiiUion ft II lire t> 1 
Voe*riii»n Co.J I vrr <H tjl»\ tfli 
>or*rB tn t« I I i»rr thl if Ian > 

^eale I Tutex Mf»<iifOi,hf »r >5 t.m 
Srjit fir \ccrrT*x<r 
Sectict t)»»»CTio'*ni « 

Stc»«T» Tiinr 
ferret! Ptylln 

Sontititnl Arne \acoinr |*o>)rxaI«nt < \cne So 

fheirrul V aoeior* Sor<,f arionnx 
Chilera Vaooino MuKiirJ (• hnlora s<fotxoi*nn) 

SrjphiMc ceie Naccino f^tai brWsorohxflefin) (Muli 
Trirle \aeei/if T\II Mulfor I Mixol iTrpho Seiobac 
Txf'fK’il \aoeine Miilf rl (Tyrlio-Serolxeiofini 
Serobifiefid Aeiio-'tnlfor I <son»lli»«l \tiie Saoeite 
(MtillorJ) 

Chnlrn MuTCcrJ (‘'onMiieoI Cholora \ 4 critie) 

^iulfo^l 'ffie fben'iliirl Xcnr \a<nnr I' lyralrnU 
Siaphrl'i (Seniitirril Sijpbilococcic \accine) iMuIf r! 
Tyrh" Mtilford 'lixril (S n<itiio>i Triple \accinr T MU 
Tnt'’ MulforJ (Senxtiirel Ttphrul \accine» 

Serobaclffin* — Soniiifred HarioruJ \afciiirx 
Serun Anti Anthri* 

Anil Vnihrax (Lo irrk) 

Anti VntUrax Mulfurd 
\i ti \nihrax (1 I> a Co ) 

AnHlj«en»rt'« ,, , . 

Antil>»cntrric {{ £• r« »»•> 

Antidvxenleric (I (Mill rij 

VniiCn OauRrene fMwlfirf) 

Anlimrnn'S'*'* 

VntimeninK’Coceie (fillilan!) 

AntimeninRocofcic U rUrrie) 

VniifirdidRoeoscic tonceniraiel Lilly 

Antipneumoeoccux 

Antimemncocoecic (> » ^ > 

\nt.men>neoco«.c <1 I» ' Co) 

A^i'J^ieum^ocCie Ref ne 1 and Concciilraiei} TjpelLederle 
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Serum (Continued) 

Antipneumococcic, Type I (Mulford) 

Antipneumopoccic, Type 1 (N D Co ) ... 

Antipneumococcic, Type t (Squibb) 

Erysipelas Antistreptococcic Lilly (Concentrated Globulin) 
Erysipelas Antistreptococcgs 


Sliver Arsphenamine 
Citrate 

Citrate Merck 
Colloidal 
Lactate 
Lactate Merck 
Nitrate 


I’reparaiiani Colloidal 
•I’rotein, 'lild 
rrotein Sttone 
•Salts, Simple 
Salvartan 

Selyarsao, 0 i, 0 iS^, 0 2 0 2i, 0 i 0 6 Cm Ampules 
Silvel 

Uoupes 5 Per Cent 
Ointment S Per Cent 
Vaginal Surpositories, S Per Cent 
Simple Iron Salta 


C^psulca I'j. 1. 2 3 Grama 
Skiakaryt for Oral Ailministration 
("r Kectal Administration 
*sKin Test. Scarlet lever Sireploroccus Tovin 
Skiodan 

Sterile Solution <40 per cent by To'timel 
^liptilly Soluble Anesiticiics l.a.eal 
Smallpox \aeeine ((,illilan<i> 

\acnne (Ijlly) • 

(V.xriola) Vaccine (Gljcrisnalecls b 


11 1 phenyl 2 J-dimethvI 5 pyra: 
10 S vslopm line S-»e«laie 
tale an I Theol romire Metek 
tale an I Theol romine Koehc 
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•Jcliffc rjr.t anJ toniroJ D {Ml «« Toain for (U SSI) .. 
lr<l ( Dt] I tlirru Inmunity Tut) 
rr»t (1) (itl rfta Inimiimy Tr»t)^Iijill 
Tr»t T'»tn Dlutrl for <!• I> AC-.) 

Iru Uiltirrial « n f r it c (Lutlrr) 

rc.f Pilih.fu r *n f r DlilfJ Rfj!/ ft-r L.rijllr 

Tr*t n i! thrr a T x.n I r ibe (\l jIforO 

Tc»t Diphthrna TQ»ir» lor Ibr Krady t> Lir wiilio.t I) lulion 
S )uil (i 

Tt'l <(.;ll.lan l» * ’ . 

T«it (I^«Jtrlr) 

in I*{| nr S I tun ItiiMbrna T«Kin for (U-tlrrl ) 


Tcit I r| t nr I) liii 
Tr»t Totin U rhth< 
SchiftTrlin I'i)lliiin '« 
'‘thnlirdrbrri; t l> g la 


« ^ l> ‘ . 

a 1) lutr I Kraly (or A 'jri/iillrati tiGiliIanl i'>9 


Sralrl Tulr> M<-r 


kht I 


e brrnliafief 


SrciiLi 0«tic7in'>A*( t 
''KiKTi Tup* 

'*fncn Pi) Mu 

Srni lirnl ^crlr Vacrmr loUaaIrnt MuKorJ 
Itaclrriat \ arcinr« "rr | » 

( j I<*fa \ arrinr \lulf r I «l h Irra Vrf »la tmn I 
*‘ftrh>lo< fvie \»«t(nc (''iath>> Srfoha trr.ni <Mulfnrli 
Tfiflf \ treiiK TXP'luIf »I Mirr) Tyrbo ^ffobaelrrmt 
Tythoil X arcinr \Iulforl <T>ih^Sfr Kuirm > 

^rrobactefin Xcnc Mii[(or<] «Srn«tnfi| \<«o \ aecine luly'J 

(Milford) 

Oiolera MulfonJ fSrn.n.rrl Cholera Xai« net 
MiilforJ Acne (Serutiirl Xene Xamnr I I>»alentt 
^laphjlo (Srn'ili/rJ SiaibjJocwm Xatctne) l'lulforl> 
Typho Miilford XliacJ (•* nntiir I TrtjJe Xaccinc T\l J 
Tyi ho-Mulfor 1 (SctuilirrJ TypHo I Xarriie 
‘'erDbacicrifii — SeniilireJ Hretcnal XarcinrA 
•ierum AntiAntbraa 
Xnli Xnthraa ll^lrrle) 

Xnii Xnthrax Mulf r I 
Anti Xnthrax (I I) A C« ’ 

Xnii I)'enteric 

Aniidyitcntrne 1 1 I) A I c ) 

Anti !)Mntrric (lolyratml) (l^lcilel 
Anlidysenleric (I Ijrralent) <MoIforill 
Anti-<S« Cincrrnr (Mnlf rl) 

Anlimcnmgiti* (XfilfforO 
\nlimenitit.ococcic (Gin Ian i> 

AnlimenmKOCocric (Iflrrlr) 

Antimenincococcic Corcencrate I Lilly 
Antiincnmgococrus 
Aiilirn«>iniococenr tx. r- ^ 

Ant mrnmfcoeocc c (N i> Lo' 

Vniimen nstococcie (1 I> a to) 

Antimcnmcococcic (Sijoiil) i r -u.u 

Antipncumococf.c Ke) nc I and Concentratml Type I Lfd«!e 
Xniii nciiraococcic, Tyr* 1 (tiliilani) 
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Sfriim (Coiiiimiecl) 

Antiruciimococcic. Tjpo I (MuMor.l) 
AtilipnriimoforciP, Ijpe 1 (K 1> Co) 
AnluincutiKiLocftc, Tyiic I <Snml>b) 
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Noriiiat Mor^p P I) Co . . 3 
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Solution 
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Tablets 
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Tn ocol Roche 

Tabellae Hydra gj Cun O eo Thri4 oma s 
Tablet Tr turates Ephed ne Ilyd ochio Je C a 
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TaMelj fCoTrtir.utrf) 

Ntutrsl Actiflivioe AJ»bolt, 0 03 Cm tJ-J grain) 

Meutcal Aenf!a\inr>"Nationa!,” 0 1 Cm. iiyi grams) 
NuMnaiof'Ciba, £0 rng 
ol Mercurochrome 
OptKhin Base, 2 ^zms 

jphenobirbiia! SaAum Cane and Ingram, lyi grams 
Q^inti^xe Sklpli/i>e, J graim fOmie* RaieJ 
Sandoptal. 0 2 Cn\ 

RtillaTrn 

Rolarsentum S<|uib)i, 4 6 grains 

Syiithriis Thyrosine So«be. I mg 
Theocm. 1)5 grains 
Thrncin Soluble 2)5 grams 
Tubereulm D E r D & Cn 
Tuberculin T R -{• D fi Co 
Tmoeain, Nos 1. 2, 4 (with Suprarenen) 

T«t«am No* 3, 5, 6 
2iac Permanganate, 1 gram MuHhrd 
Tannie Acid Derivatives 
Tanoig<n 

Tannin Nire/eerProtenJ Kiitforil 
Tarira 0>"niQbini 
Onmiobine * • 

Tertiary Calcio... 

Slignesium Tkioiptiaie 
TsSTSWOKtSLl 

Tests, etc 

Tetanus Antitnxin Bovine 
Antitoxin (Bovins) (Mol(ord) 

AiKitwriii CenrtK’raleJ (Cttitr) 

AntitBxin Cette/mratrd (Chtalm) Leirtte 
Antuarta CMxhn I'arttne J'irnr P O & C« 

Antitati* aiiaaon) . 

An/irarin (L>IIy) 

Antttarm (Veto Tor* Ci/r DcMrixieiii ef ItraSik) 

Anlitaein, PanfeJ /Sgmrbf 

Antnoayn Pe^nti ani Cv«ceiifea«4. G'UilaniS t 

Anfiiorin (Skate A* Dehiw) 

/fRlXarin (U S S P > 

GasCsngrcne Anmosm (Comhincdl (liHv) 

•Ga^G-yigjen* Antitoxin (rnenbined) Sefineil ami Concriitralcil P 


D & Co 

Gat-Gangrene Anlitnsjn Krfined amt C"ne« 
Paffnngtns Anlitoain (.\ 0 Co > 
Tetiolhaleio S'ldium 
TelraioAopJ’enrfpJiDirJrm Solium 
Siflium “'all Eastman 
Tciraindophlbxlcin Sodmm 
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Tuberculin (Continued) 

NewT R 3s 

Ointment for the Moro Percataneous Test (Lilly) 3 /'. 

Ointment in Capsules ((or t)ie Moro Percutaneous Diagnostic Test) 
(CjJliland) 

(Old) and Control for the Pirquet Test (P D & Co ) 38( 

Old (Human) (N D Co) 3g( 

Old Human Strain Concentrated (Lilly) 375 

Old (Koch) (P D «. Co) 38C 

Old (O T) (MuHord) 375 

Old (Tuberca/in O T) (Cotter) 375 

O T Covine (Cutter) 379 

O T (Old Tuberculin) (Gilliland) 379 

O T (Old Tuhertulm) (Lederle) 379 

O T Original (Gilliland) 379 

Pirquet Test (TO) (Lederle) 379 

Residue 381 

Residue (Dried) 38’ 

Ruckstand 381 

Subcutaneous Test (TO) (Lederle) 379 

Tablets T R P D & Co 382 

T R Dried, New 38’ 

T R (bfulford) 3S1 

Tuberculine Oouillon Filtrate 38’ 

Tuberculins 377 

Tuberculinuro Novum B E 381 

Novum C E Sieeum 382 

Novum T R 381 

Novum T R Sieeura 38’ 

Tuberkelbacillin Rest Koch 381 

Tubes Trichlorethylene Calco 1 cc 

Tutocatn Sj 

Tablets Nos 1 2 4 (with Snprarenin) 39 

Tablets Nos 3, S 6 3? 

Tyrho Cacterin >li«ed (Triple \aceine TAB) (MuKord) 394 

Bactenn (Mulford) 33^ 

*■ *» j «« j c. , tiled Triple Vaccine TAB) 398 

yphoid^^Vaceine) 3’S 

.V 394 

39’ 

>) 393 

unuing (C lliland) 393 

Prophylactic) (Abbott Labs) 39’ 

D Co) 


(P D 8. Co) 


‘Vaccine Combined Irnmumring (Squibb) 

V accine (Cutter) 

Vaccine (for Frophylaci c Treatment) (Lederle) 
Vaccine (Gilliland) 

Vaccine (Immuniz ng) (Squibb) 

Vaccine (N D Co) 

Vaccine (Prophylact c) (P D & Co ) 

Vaccine Prophylact e and Tberapeut c (Lilly) 
Vaccine (U S S p ) 

Hydrochloride 

Roche 

Undulant Fever Bacterial Vaccine (Jensen Salsbery) 
Fever Vaccine (N D Co) 

Unessential Modifications o? Officiu. Sosstances 
Unguentum Crede 

Unoriginal Articles PaofWETARY Names for 
Unscientific and UsrcESS AsTrctE* — Rirx.e 20 
Unwarranted Therapeutic Claims — Rule 6 
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and Urccdi, Urethanes, (Carbamatei) . 

Merek 

Ureihanes (Carbamaicf), Urea and UrcKts 
Usetess AKP UnsciMKTiric .lancies . — Rvte 10 
Use nr Aksmeb AurcLes ro« 

U S P AKB N F. PaoBVCTs, MontaicsTiots &r 
Vaccine. Acne Bacilius 
Acne Bacillu* (Cutter) . . 

Acne Bacillus Olollister-Soer} . . 

Acne (Lederle) 

Acne (Sijuibb) 

Antifabic 

Antitsbic, Semple Kletbod (Uedteat Art* lab’s) 

Brucella Abortus (Lederte) 

Brucella Melitensis 
Brucella Meittenm lederie . 

Cbolera 

Cholera (PrephyUetie) (lederle) 

Cholera, ProphvlaMie (L.H»> 

Furunculosis (P D & Co) 

(C/)’cer>Marrrf), SfnolltPM (Vcrtpla) Sputtb 

Clye4f*n«l*d fSbatp £r D^ntt) 

Pasteur Aeti Rabie ^itlslsnd) 

Pasteur Antirabte (Sqaibh) 

Platue Saeillus 

PUn< (I’ropIrUctic) (Ledeile) 
risque, Projicrlxsic iLstiy) 

Falyvaient, Scnirtired Arne Mulfori] (Acne Serobactrrin) 

Kabies (Cumininf ■ (P U tc Co ) 

Babies dtlliisnci tSemivIe Method) 

Kabies (ilariis) 

Babies (itixaoR) 

Babies Otuman) Phenol Killed (/enseit Salsbery) 

RsbieS'Human (Semple Method) <N U Co> 

Kabies Lederle (Semple MHhoil) 

Kabies (I'heeelised) (Tereell's) 

Kabies (Phenid KilIed>-Mul(ord 
Rabies (Semple) (Cutter) 

Rabies (Semplr Method) Souibb 
lUbies U 3 S P (Sem^de Method) 

Vaccines, Oactcnal 

Vaccine, Sensiliied Cholera Mulfoed (Cholera Serobaclerm) 
Vaccine, Sensitised Slapbyloconic (SiapigrSo-SernLarlrnn) filuj 
(srd) 

Vaccine, Sensitised Trohosii Mulford (Terho-Serobaetenn) 
^tjphylrcoccus 

Staphylococcus AIhus (Lrtirrir) 

Siaphytococcus (Atlius and Aurnis) (CillilaDd) 

‘^ophylococcus SAnrtus and Atbus) (Uollister Stier) 
“■laphylacoccus Aureus (I illy) 

Staphylococcus Aureus, Polys^nr, (Ledcrle) 

Staphylococcus (Conbined) (P 0 « 0> ) 

Staphylococcus (Cutter) 

Staphylococcus (Lederle) 

Staphylococcus (Lilly) . . . , 

''lapbjjococcus (hi D Co) - . . 

Slaphyi.teoccos (Sluilib) . > 

T.\k Setisiiued Triple Malfotd Mrte.1 (Terho Serobacterin) 
TAU Triple (Typbo-Bacterm Mised) (Midford) 

Typhoid •, • * . .. 

Tjidioid, Combined Immuniaae (^miibbh 
Typhoid Combined (I'tophylactic) (Lederte) 

Typhoid (Cutter) .. .. 

Typhoid ((nr rrophelietic TeeaWteni) (L-edcrle) 

Typhoid (Gilliland > . , 

Typhoid (Immunlcint) (Squibb). ... ... 



482 


GENERAL INDEX 


Vaccine (Continued) 

Typhoid Mix^ Prophylactic and Therapeutic (Lilly) 39- 

Typhoid (N D Co ) 39, 

Typhoid Paratyphoid A (N D Co ) 391 

Typhoid Paratyphoid Bacteria) Immunuing (Gilliland) 39; 

Typhoid Paratyphoid Combined (N D Co ) 39: 

Typhoid Paratyphoid Combined (U S S P ) 39t 

Typhoid Paratyphoid (Prophytaeric) (P D & Co) 395 

Typhoid Prophylactic and Tlierapeutic (Lilly) 393 

Typhoid (Prophylactic) (P D & Co) 395 

Typhoid (U S S p ) 395 

Undulant Fever Bacterial (Jensen Salsbcry) 388 

Undulant Fever (N D Co ) 388 

Pifur (I cderle) 43g 

Virus (V S S P ) 441 

Vaccines and Serums 354 

Mixed Bicterial 39$ 

Vaccines Sensitized Bacterial Serobacterins 397 

Vaginal Suppos tones Silvol 5 Per Cent 406 

Vehicles avd Pfeservatives 15 

Ventnculm 264 

100 Gra Bottle 264 

10 Gm Vials 264 

Veronal 88 

Elixir of 88 

Sodium 100 

Sodium Tablets 5 grains 100 

Tablets 5 »atas 88 

Vials Lederle Solution Liver Extract Parenteral Befined and Con 

centrated, 3 ce 258 

Liver Extract Farlce Davis & Co 

Pentnucleotide 10 ec 321 

Vioform Ciba 226 

Viosterol 427 

S D Abbott a A B D Malt Extract with Cod Liver Oil 271 

10 D Abbott J Cod Liver Oil with 27S 

10 D Mint Flavored with Squibb s Cod Liver Oil 276 

10 D With Cod Liver Oil 274 

10 D With Parke Davis & Company s Cod Liver Oil 275 

10 D with Squibb s Cod Liver 0 1 275 

250 D Abbott Haliver Oil with 278 

ot/' -I* n Haliver Oil with 3 minims 279 
279 

Davis Haliver 0 1 with 

in uii iJ 427 

in Oil 250 D Abbott 429 

in 01 250 D, Meads 429 

m Oil 250 D Parke Davis & Ck) s 4’? 

in Oil 250 D Squibb 

in Oil 250 D Winthrop 430 

with Meads 10 D Cod L ver Oil , 

Virus Antirabic (Semple) (Pasteur Institute o£ St Louis) yj* 


Vitalait Culture Bacillus Acidopbilus 
Vitamin Concentrate of Cod Liver Oil McKesson s 
Preparations 

Von Firquet Test for Tubercu/osis (ff D Oa) 

IVagner s Artificial Vichy 
Artificial Vtchy Citrated 
Walco Ethylene for Anesthesia 
Waters Mineral (Names tor) 

Soluble ComjXHinds for Intravenous Pyelography 
White s Cod Liver Oil Concentrate 
Winthrop Tablets of Salophen 5 grains 
Viosterol m O 1 250 D 
IVyetk s Capsules Digitalis Leaf Defatted 
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Note, — Names of products “Accepted but not described'* 
appear m ifaJics 


AsSOTT LABOtATOKirs Nonh O^cago, IH — AtibiXt'* A B D Malt Extract 
with Cod L)v» OjS and \»n*l»rM SKl Z?l, Cod larcr Oii 

wit}) ViosUrol lOD 37S. Abbott'* Mineral Oil Emulsion 255, 
Acrtarsoiie, SO, AceMrsone. Tahictr, 025 Cm. SO, Acriflatine 
UydroehloTide, 173. Aeriflaviiit Krdracbiofide, TaWett, 0 03 Gm, 
J73. AcriftaTine, Neutral. US. AcriOairtiir. Nfutral. Enteric Coated 
Tabteti, 0 03 Cm. I'j grain) 17S, Aetiflavine, Neutral, for Imra 
\fnoui lojeelion. 0 3 tiin Ampules, 175, Acnilaviae Neutral, Jelly. 
3 3.600, 3?5, Acrifl*»(iw. Neutraf. TaUea. 0 03 Cm /)} ffWfn), 
175, A«*iidspy»i-«ie. ^3". Awesih«»in. 61 , Afiutin, 64, AreyB, 406, 
Argyn Tablets. 6 Brains, <06, R L , <37; B»f6ital, 

<37, flarl»»ol AoSiiuit, <37. Bilein. 103, Bisniartett, 70, Bismo- 
Cym6l, 109, BisraoC^ol Atnpoulej. I, 2 «e . ttO, Cotesm, 61} 
liiHeun i'icrale, <3. Bi/lesm I’icratc Ifotiiag iV»der 6), Uutetm 
Ticraie Eye Ointment, 62 Buttatn l■>cratr Ointment 62, Biityn, 51. 
Butyn and Epinepfirin flTpotlermic Tablers. 52. Butyn Sclut'OR, t 

? tr cent, 52, Butin Tablets. 0 2 Om <3 Ktatrif), 52, Cbtorazene. 

17. Chlorasene Pouder Aromatic. 217, Cht«ratene Surgical Cream 
2)7, CWoraatne TurffieaJ Caure, 217. Cbicrazrce Tablets, 4 6 grama, 
217, C*fa»f«x«i»e, <37, Cinrkcbb/* 437. Cmchophen. Tab!«t«, 5. 
7M grama 343, CoficrtKWfd roHen F*traet« .Swsrt Myers. 29, 
Dextrose. Amivjulei 50 Per Cent, 20 50 cc. 267. PteUaraminr T, 
<37, Digiixjteri, l»'6. Dipixiten TaMei* 166, Epbtdtine Ilyjrn- 


?0C,' Ep(vV<lfi[ie''u>*dr«<h3'’ri<le S»an \Uen. byrupr 190. hphedrin* 
HyOrocnlaride. TatiUit Si gram. )V0. Fpbedrine UydrctMoride, 
Tablet Tnturaiee, '/t gram I90._ Ephedrim Inhalant S>»an Myers, 
389, Ephednnr Sulpbaie 192. EpheilfiOf S*9ft Mytra. 189, / fi 
nefhrtK 437, tfmtfiHnit (blonde Teiuisen, 437. Oolil Sodium 
Tb'sauli'ftare 216. Gold So<!<u<r lliioru)|>barc. Ampule*, 0 63 0 05, 
(11. 025 Cm, 216, llaH».«e 219. UaUi'me TaWn«, 2l», llahvet 
0.1 with fioaieeflt 2<0 D 27it. flahver O.f wuh S'lnaterol 250 O. 
Soluble Grlaiin Capaiile* 3 imnuna 3?9, lodeikon Capsule* bwan 
Myera, 184, Mercury Ceniuate. S«,e,te ,\»ni>i»«lea i per ernt. 
3 re. 283. Mercury OxyeysoMle. Siecde Ampulea oI Q0Q8 0016, 
ami Ofll Gm , 281 ilereury Salicylate Siente Air.pouiei. 0065 Gm 
(1 grain) 0 097 Cm H f'ain>. 386 .Mer-cgry SiKCfauaiJe. iferifc 
Amiuiulet 0 01 (>m (’h g*»i»»l. 2S7. Metaphen 293, Metaphen 
2.500. 294, Melaplien Si^unon I SOO. 204, Melaphfn Solution. 
Ampoule* I 1000 to Ce. 244. Meuphen, Tincture I 200 294 
Mixed riiruneulmi* lUcterio S»an-My»M 390 \eoarjf*e«««.»e 
I? R, J 4J7, N rocinrh^ben, J<2, Nn>r*ach'*rben Tablet* 5 7», 
CTiin*. 143 Nronal '’t. Nrnml Tat.leia, ot Cm 92. J'arrewne 
330, rarrrx.iic.I r,.ice Ue«b Suegteal drraaing 236. f'entobirliral 

Siulium 95 rnil.ibarbilal Sgdtiiin ramulr* 1’, erain* 9$ 

rAroebarf.laJ ToiltU la. l’» #mi»i 437 
VST' *33 PMfi rtlruftr /)i««>iesri, 43 7 I-oHrti bmran. 
Swan Mvet», 3'i Vota”Jom Hi.mmli Tartrate ArnpolM O k 1.. 
2 cc 116 3’ut4««<u/n Putfvtb Tenrxtr «<(b Hutrn Impiile* 

r> R L. 0 I 0 2 cm lift Poi»n,am Ui.muih Tartrate with 
Jtulyn OR!, 10 r'» 119 r.itawutn nuirtiitll larttate 

II H I. lit Pf.icaine ‘4. rroeame I lutie} him ,\mpo!e» I «e 
58 I'roeainr V jutiephrm H.jKatemut Tablet*. Nos I 2, K 'I’fn 
raifw ir,po.tenn«- TaWrl* »a «e*r6, »* PoiBirtUe 136 Sier.le 
Ampoule* Mrrcurit }'ct***>uiR Iwbde OOlO Gm (ta *r*>ni 7*'. 
Sienle VmiHiiile* Mrreur* Bmiodirfe ant Cm (‘i eraioi in Oil •'9*, 
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Sulpharjphpnatn.,,^ ... vt uw um 

AtnptiUs 78. T)pho4 I tratyphold IJaewrin Swan ^fy<fi (Ifophy 
lactic) 59- Typhoid Tropliybctic 392, \»o«terol in 0 I 2S0 D 439 

\CES I..A*oiATO«y I-fc PccLalciII ft \ — 'fercurochroaie Suppository 
Accs 389 

Ahuicav AnttroiMiv C. J22 ^ln^h St BrooVlyn — \ntiforni n 21S 

Ascto-ItEvcti 0*10 Co 1270 liroadnrar New York— Sutfarjcnol 78. 
Siilfarsrnol 06 12 J8 JO 42 60 Cm Ampule, 78 

VuLiNCTON CtiEMtCAt Co, \ onkcr* N \ — Pollen Fxtracts 34 

\»unir* & Co Union Stock \arl* Chicaeo— Concentrated Li»er 
I xiracf 257 Kepfaalin 20J Pituitary LiquiJ (Obttrtneot) 437 
Suprartnaln 195 Suprarcnalm O nfment JJ>5 Suprarenal n Solo 
ton 195 Tl rnmltopiattln 25 cc \ lal 205 Thromhoplastin Solution 
305 Tryapin ISI 


ISeT>ii.e»ru LtBOiATottes Wiiliur Tru»t Dldg Cethlfhem Pa.— 
Iljclorite 2X6 

nairi «ei Knoll CotenaATtoN 154 Ocden Are Jersey City N /■— 
Afen 1 129 Afen 1 Ampolea l29 Jlromural 125, Bromufal 

Taller* 5 ffri n« (0 J Cm ) 126 fare#") J45 tureto) pro CaP'*! * 
145 Lenlftallol 254 Lenmllol Fine Ointment 354 Metraaoj 301 


Melrarol Ampules 1 <t JO'* Metrarol Tabjets JO’ Sanf'l 353 
Santyl Capsule* ' **' “ ’ ~ '■ 

7i, Grams 433 


1 353 Theocalcjti 433 Theocalcm Tablets 


liRtpv K Co Cro \V 809 S Western Are Chicago III— -Podium 
Sulphate Br94\ for RotmgfnRay Itork 437 

Calco Ciibuical Co Round Brook N J —Cinchophen CaUo 437 
Cinchophen Caleo Tablets 7^4 m ns 141 il^hylthiamne 
CaUo 437 TrichlorethyleneCalco 47 Tnchlorethylenc Calo 
Tubes 1 « 47 

CASEL LABOSATOBIf ' 

Napheo Camplic 

Alpha Napbco ^ • 

positorifs 304 
Al^ha Napbeo Z 


303 


Ctattneo LabO»ato»\ rBovvcfs Co 1503 Gardena Ase Glendale 
Calif — Ethylene 45 

CifAerEL Bros Inc Rockford IH—CliappeJ Liver Fstract (Oral) 2'6 

Chappel Iiser Extract (Subcutaneous) 257 Chappel Liver fcxtra 
(Sul ciilaneotts) Ampoules 2 5 cc 257 
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St Cietclanii, 0 !i>q~ 


Syracuse, N. V— -Cfctp/ins B ^cirfdpiiliu ; 


lodine-Ciba, Tablets 01 Gm SuRar Cnat^ Lcpoiodme C'oa 
Tablets, 0 3 Om <Uncoateil> 234. tfui-ercaisie Cjba, S3. Napcrcjne- 
CibXi Atnpulti Burned Sojntton of . ec I Zf)0, S3, Nunercaine 
Cfbi, Ampules So/uiion of. 5. 25 ce, I t OOQ, S3, VupereJme Ci6s, 
Sojution of, S7e, S3, Kupere^ine CiOa, TiWet* 50 tng , S3, ViofOrm- 
Ctba, 226 


CosytuCHT LaioatroiiM Iwc Un'»er»i<y of Tofoflio Tetonlo S, 
Caeada —]n«u}in Toronto, 223. Insulin Toronto. >0, 10, *t, SO, lOo 
Units, 10 cc 223 324 

Ctnei LamtToai, 4th and I’arker Sti. n<tk«'«y. Csiif— Acne Bacillus 
Vaccine. 3h*. iniiitxtn Ca>irr«ff«(frf 43?. OiphtJieti* 

Toon Antitoxin Blixture 01 t.+ 32S, Oiphihttia Toxin Abtitoxtn 
^fixture, 01 L+ 'Coat>. 375 DipHthects Toxin for lh« Schick 
Tuk 3^S, Oiphlhttia Toxoid, 3$4, Gl\i<n»4tfd k'arrinr 1‘inn 437, 
Korniil Scrum <{fcm the iiorsc), J5S Tolicn Kxtram 35, Tollcn 
I'xtrscts Conttntrsied, 3d. KaW* Vaccine tScmplct 3*1, Silver 
Nitrate, Ampoule Solution. J Ter Scot. 419, Stjrhvloeeccus Vac* 
cine, 350, Tuanaj Aalilertn Conitilralei 437, Tuberculin B F 
1 Bouillon Kiltrate), 382. Tubercolio B F /Bovine l 3S3. Tuber 
culm for the Cutaneous Rcieiion /ritqoct'x Reaeiion), 3/8, Tul-cr 
culm Old (Tuberculin O T 3:9. Tuberculin O T Bovine. 3.'9. 
T»pboiJ j’aratsphoiil pK’phylaCtic, 392, Typhoid Prophylactic, 392, 
TyrSo'd Vaceme, 392 

Davies. Eoxf S Co. l.ro, 77 Thayer St. Boston 3Ia*t — I7ii;it«/ii, Pil. 

437: Ttblftf Quinidine SaIfKiU. i tfreinr. 417 
Davis i GxC* lire, 217 Duflicld St Bnmkljn N* V—KaJmetiJ 
Ucrtoicidal TaWefa Pofawiinn Urmiric 3o4Hk 297 
DiAxsevot COKFAvr, Inc. 7713 Ellieot' Somre CuTalo. K V — 
Diaricnol, 70, Dursmol 0 t, 9 2. 0 3. 0 4. 0 J, 0 « 1 0 2 0, 3 0 <,m 
Ampoules. 70 Sodium Diareeflol. 9(3 0 3. 0-43 0®, 0 75. 0 9 Cm 
AmptiVs, 77, Sodium Diarscool. 77, ikeodixesenot. 73, Neodiatsenui. 
015. 03, 04J. 06. 073. 09 Cm Ampoules. 73 


TAlirtmn Bans, ft Fnsrxx. WasbinMon and Ijijlit 5u Nev 
N V— B Aei I''phili'* >ldk. 230. Bile ^alts tOJ Fnrjm. 
Uses Extract 25S, Trvpsm. 152 
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Folceha F & Co 7S Vanclc St New iork N ^ — LipioJol LaFay 
Lipiodol ^Fay, Ampoules, i 2 3 s cc 233 IjpjodoJ 
K^iWtoIogique Aacenuant 23i, iipiodo! Radiologique Descendant 

2515 Fourth Ave New \ork N \ — Salophen 


Gallia lAsotAToaiES Inc 450 Seventh Ave New \ork N ^ — 
Arheol 553 Arheol Capsules 353, Riodine i35 Riocline Capsules 
0 3 Gm (3 1 grains) 235 

(lANE S. lN0»Ajf I\C 43 West 16th St New 'Vork, N V— Epbedrne 
Hydrochloride 190 I' phedrine Sulphate 19’ Phenobarbital Sodium 
98 Ihenolarblal Sodium Cane and Ingram Tablets IVl grains 98 
PI enobaybilal U S P 438 


GiLLiLAto I ABOgMOatEs lue Marietta Pa — Vnlimeningococcic See itn 
^6S An^ijineumoeoceic Serum Type I 369 Diphtheria Schick Test 

Antitovm * 
land t Ce 

Gi/Zi/oitd a 

Horse Ser • 

379 Rabies • * 

coccus Anr • 

StnaUt«Jr t 
390 Tube 

Soiiillon F ' 

Iniraeulan 
Pe/cufanco 
379 Tuber 
Bacterial V 

f Orleans La — Lsc 


HcALTit Pnoorm Cobpoiutiov 1J3 North 13lh St Newark N J-“ 
Marine Liver Extract While 262, Whies Cod Liver 0 1 Co ceu 
trafe 27$ 


IIeilkraft Medical Co 3’I Talbot \ve Boston Mass — D mazoo 
170 D mazon Oil 171 Dimazon Ointment 17l D raazon PO' der 
17J Scarlet R Med cinal 170 Scarlet R Salve 170 


IfEVDEK CitBwiCAL CoRPOBATiov SO Union Square New iork N 1 
AcctiUaUciUc Acid 438 Calomel O ntment 300 Calomelol 300 
Ichthynat 413 


Hille Laboratobjes 110 N Franklin St Ch cago III — -Lunosol 405 
Lunosol Capsules 6 grams 403 

IIixsov LaboratoRISs Johnstown Oho — Dfllhcna Attiloxin 438 
Rab es \accine 373 Tftannt Anttoarin 438 


IIOPFMAK LaRochb Inc Nutlef N J— Betaine Ifydrocblorid^Roehe 

214 D galen Injectable Roche 154 Digalen Roche 154 D g^en 
Roche (Cloetta) 154 D gaten Roche Tablets 154, 
Hydrochloride Roche 85 lodostanne Roche 332 lodostaiine-Koctie 
Chocolate Tablets 232 lodostanne Roche Tablets 0 35 Cra 
Isacen 345. Isacen Tablets 0 005 Cm 245 Oleo-B Rochf. 

OleoBiRoclie Ampules 2 Cc llS Papaverine Jlydro^Ior de 
Roche 308 Papaverine Stlphate 308 papaverine Sulphate Kocfte 
Ampules 308 Papaverine Sulphate TablelsRocbe 004 Om 3Uj 
Scopolamine Stable Roche 354 Synthetic Thyroxine (Koche; 4 
Synthetic Thyroxine Roche Ampuls 1 1 cc 434 Synthet c 
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Thyroxine Roche, Solution, 424, Synthetic Thyroxi/ie-Roche TahJeft 
1 mg, 424, Theobromine and SoHimn ^eelate-Rocbe, 43i, Thipeno) 
Roche, 415, Thioeol. Roche. t46, Thiocol Koche Syrup, 147, Thioco} 
Roche Tablets, S grains, 14?, TVramine Roche. I9p 


HoiaiSTca StlER LASoaAioaiES, 4?MRI Paulsen iledicil and Dental 
PuiMmg. Spotme Wash — Acn* Bacillus Vaccine 3fi7, Bacil/us 
Acidophilus Culture. 249. Fidlen Esiracri, 2o. Protein Cxtraets 
Diagnotlie, 41$, Staphviococcus Vaccine (Aureus and Albus>, 390, 


lIvKsov, Wesrcorf A Duam«io, Bailiworc, MJ — Anlimony Sodium 
TbiOglycollate 61, Antimons Sodtum Thioclymllate Ampules Solu 
tion, 0 $ per cent, 20 cc 64 , tniinonv Thioclycollamide, Ampules 
Solution, 0 4 per cent, 20 cc , ^ Bromsolphalein, 178. Bromsul 
pbaleifl. Solution, 179 numtsin, 281. Fluoirnn, Tubes. 0 15. 0 20, 
0 25, 0 1(1 Cm , 2S2, (vlycMauio, ]0}, Clycotauro Capsules, 5 grains, 
105. Clyeotauro. Capsules (half me). 105, Ctycorauro, Fnteric 
Coaled, Tablets, 105. 'Icrcurocbrome, 288. Mercurochrome Sealed 
Tubes. OS Cm. 289 Mcro-Ti-cbrome. Tablets of 289. Mercury 
Biniodidc Oil Solution in Ainpule«, 2<)S. Mercury Salicylate. Sterile 
Ampules of 1, I'j, 2 grains 21*6. Meroxi}, 291, Metosyl Tablets 
203, (lualiain Ampules 162 rhenulsulpbomihthalein Ampule*, 180. 
PheHa/tiilfhonfhthalrinU IP fr D , 418. I'hcnoltelrachlurphthalem, 
181. Pheiioltetracblorphthalein. Ampules. 182 


jKhssv-SAisetar LAaor*Tn*is«. Ivc, 2tst and Penri .Sts Kanus C<i). 
Mo"Kabi«4 Saccine (Human), Phenot Killed. 373, Undulant Pever 
Bacterial Vaccine, 388 


JOTiNtnv & Jo«^V5'l N’ew Jlrun*>»nK, N J —Chlorine Sodi Ampoules 
215. K-Y iiibncBlisp }tUy, 442 

LivthMsai Co8r, 1006 Clinton Sc, Hoboken, N Liver hleal, 262 


Lakcsipc LaaohATosiss 
CelriMm CMgnde 
Ampoules, 10 Gm 
25 Cm . 5<l ct 26 
grams), 5 cc , 81 


' Windsor place Milwaukre Wij — 
IflGp. 438. Dextrose (dt.lucoscJ. 
»*. itesiross (dCluvi'Si). Amt>oulf« 

Cic'xlilaie. .Impulr 0 241 Oni tllj 


Lyoetta CaaossToaiss Int . Pearl River V V — \fiie Vaccine 1*7, 
Alleffcnic 1 xtracls, 27 Anii Anibrix Veutv 36b \nltih»riitrric 
Serum D'olrvalentl 367, Aritimeningoeocxic ^rum 36*. Aniipneu 
inoeoeetc Serum, Type i. Refined and Coneeniraied. 38>, HiciUus 
Aci(|ophilu« Milk,^ z50, Brueellv Metitentis Vaicme, 'ss Cholera 
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.1 «r — ... Tffjnu»-CaJ 


159: Thromboplastin 
Vial, 206; Thyroid 
tin ’‘C n." (Bacillus 
iltrale), 583; Tubef 
Tahercii)io "O T," 


•St ("T O”), 379, 
• *• Typhoid Combined 

vaccine (I rnphylaetic), 393, Typhoid Vaccine (for Prophylactic 
Treatment), 393 I afeint t trus, 4J3 


1,11 LV Id, & Co Indianapolis, Ind — 87, Amyul. TabJets. 
li5 grains 87, Antimeningococcic Seriim Concentrated, JC8, Chlor 
oxyl HI Chhrnxyl Tablets S grains, HI, Cholera V'aecine, prophy 
lactic, 389, Coco Quinine, 332, Diphtheria AxIitoriH (Purified, Lon 
rentroted) 438, Diphtheria locio Anlitoam Mixture 0 1 1.+, 376, 
Diphtheria Toxin for Schick Test, Diluted IJcady for Use, 399, 
Diphtheria Toxoid. 333, fphcdnne, 189; Ephedrine Corapound. 
Inhalant 189, Fphedrmc Compound, Ointment, 189, Fpheilrine 
HydrochJoriile 190, Ephctlnne JlydrochJoride, Hypodermic Tablets, 
0016 Cm ('( grain), 00323 Cm M Kfam). 190. Ephedrme Hydro 
ehloridr I'ulvulrs 0 025 Om ()( gram), 0 05 Cm (H (ram). 190, 
hphedriiie Ilydrochliridc Solution, 3**, 190, Ephedrine lirdro- 
chloride Syrup 191, hphednne Jelly. Lilly’s, 193, fphcdrme 
fl’Jain), Inhalant J89, Ephedrine Sniphate, 192, Ephedrine Sulphate, 
Ampoules I ec 0 5 Om . 193, Ephedrine Sulphate Elixir No 229, 
2 grams. 193 I phrdrtne Sulphate, Ifyp^ermie Tablets, 0 016 Cm 
(31 griini 0 0325 Cm (3a gram), 192 Epbednne Sulphate I'oi* 

J9J, I-(ftcdrine St , » • 


Meriiiuwaie uniiiui ** 

1 5 000. 293, hler * • 

ture. I 1 000, 293 ' • 

Tablets 234 Ou 

I'ara Thor Mone 3 ' 

Antirabic Prerenli • * 

barbital Sodium 95 
I’lrquet Test, 379, 

cine, Prophylactic, • ' 

Sodium Amytal / • • 

grams), 1 0 Cm. 
grams, 99 Solutioi 
5 6 7 5 Cm in I 
Staphylococcus Vat 

Vx<) grain 166 Te, • ■ ' . 

toxin (Combined) 

taneous Test, 379 

Typhoid Sfixed Vat , e, - 

Vaccine, Prophylactic and Therapeutic, 393 

MALLiNctxorr Ciibuical Wbxiis Second and Mallmekrodt ^ts, St 
Louis, Mo— .dcerj/M/icific APid, 439. Artphmamini. 439. «ar6iW, 
439. Borium Sulphate Pure, 439. Cmchopheu, 439; Copper Citrate, 
143, lodeikon 184, lodetkon. 3 5 (Jm Ampoules, 184; Iso Iw'jo'' 
183, Iso-Iodeikon. 2 5 Cm Ampoules. 183. Mercuric Cyanide, 283 
f/eoarsphenamiHe 439 , 0«»i"dme. 331. Qumidme 
Quinine Sthyl Carbonate 439, 3r»di«m Acid Fhospkate aionobaM. 
439, Sulpharsphenamme 79. SufphliarsphenaiJime, 01, t'-, "O u 
0 5, 0 6 om Ampules 79 
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eosr \,ompouna ot, i^jwcu»c:, ••uiunoi., 

f Tableis. » grams, fcphedniw ftaial Jelly, 19! 


Mai liHt CoupasT 8(b Ave anJ ISih St BfXJfclyn. N V.— Jfaltme with 
Co<l Liver Oil 271, Malone wtib Cod Lfrer Oil and Iron Iodide. 

in 


Co, ii. Oim5»a>And YtUow a..„ „ „ 

Co . 300. Copper Citrate Ointment t J, 10 jp-r crnt)>i{ E S Co , 
142, Ileloeame and Adrenalin Omtouat'M E.S Co, 54; Ilolocaine 
Ointment M L S Co, 54 


McCoauicft & Co, iHc LigM & OtrreSla , Baltimore, Md—,lIrC<ir>nir5 'a 
Ly>pUth Huttari, 438 


McKtsJojt & Itnaatve. Dndgepott, Conn — sreKfuon’a Vitamia ConreB- 
trate of Cod Liver Oil, 376 

JlcSatt, Roatar 29fl0 M Sevmleenib St riidadelphia. Pa.—Didifalii 
Da^Trst. CaftuUi. ittNut, 438, Ptff>taiyt Ous Test, TtKeture, 
McKtit. 438 


M«ao Jo«k*.oh & Co FvtnaV'lJe Iml— Sleada 10 D Cod Liver Oil with 
Vioaierol. 275. Mead'a Nenf-windtand Cod Ltvet Oil. 272, Mead'# 
N’enfouttdlind Cod Liver Oil llavored. 273, ilead'i Viottero! (u Oil 
330 17. *Zt 


McolCAb A«T« LAana\T'/ar, Oklahotna Ciiv, Oiila »Antirabie V,ieelR«. 
Semrle Meihml, 373 


hc)ene. *J, Slagneeium fbovplule Tttbavit, «oi,. 
244; Slercofy Cyanide. 2*5. Mereurr and I'oUaii 

Mercury Suecinimid' v.-.., — t . 

benxol J’lllon, 0J5 ' 

OptiebiD llaie. Tail • > • • 

Ouabam <l« Siror 
;'etro/a<**n, 


Tljokrom., aJ.uS’ AW’’ 
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A Me. IJ) \arick Se Nf*- \ofk S Y — 

trn J 

It Urirat ■ 

Not oca 

O f 

1 -5 1 rr 

0 1 O' 

*‘al)riran ■ 

V Iter •'a 

ori 0 9 

1 I 000 
lrt> US 


Miiira f S t ai>r>itr tit« Me 
I)r»ir ^m|«ule Sect Ic Not 
‘0 ce b 


Maple Are I.o« Xn«rlrt 
toil L S I 5 10 5 ( m 


Cat t — 
10 20 


IfoMttTTo C luicaL X\<tiKi. ly> • Mo — e /^c •/ 

etn^ ihlenmneT 4S9 C*/aei>*««e 4J9 V khnm ne T *3’’ 
IfallYonr 217 


NaTjfiTat A'litt’tt S (. icuicaL C« ■<0 Rert t St Netr \crk — \cr 
I'at ne Nit trial | J Act flat ne Nat onal fctitcr e Tali* 

lets N< tral 0 J 4 (m <>« (rant 15 Aer (Ur ite Nat onal 
Nrufral J S Acr fljr ne S»l oral NeutraJ “I ro Jn/tei etie" Di 

1 0 <jin « al I i Acr flat ne Nat onal () ntnent Neutral 1 j^r 

cent I S \efiflar ne Nat mat TaMett Nntral 01 Gm (I t 

era ni> 1 S \cr flat ne Nat onal Ttcehe* Neutral 1 5 Gent an 

\ clet 1101 c nal Nat onal It' Gent an \ clet Med cinal Nat onal 
filer c Cia e I Tallett 003 4 < n (reran) 1« rentunlioJet 
Mnl c nai Nat onal laMetr 0 03 4 ( m < » cra ti) M7 1 relay ne 
Nat al 1 6 Scarlet lei Med < nal Nat oral 1 0 


Narioya III «. t 510> Cetmamonn \te lhIaM[ha Pa — \ 

•* ^--T.Keiao 
<) J « 

I \nt eetis 

^ t a I . (Nemrie 

Dermal 

\enm3 a 
kcfnel 
for the 

, ox n f T 

nt 8 1 tr 
cuj \ac 
n In la 
ti) J'O 

, omli ned 


1 fwiaoearoarer 5J Ka»t Uasli njion St Ch cifo 
e (Harr a) J7 

Nttt loax CiTv DtexarjietT or fIctLTR Roreau of Mberator et N 1 
— 0 /■AlAcrio Wal (oayn 1(2 otnf »•) 4J9 Tetany/ li>Tin *S'^ 

Nttx \Q«k QuMvt i Ct tMictt. no*« «9 North Itth «f D^oujtlj of 
Brooklyn N 1 — 0 « nf-\ TO 439 Qu n d ne 331 0» n J ne 

Su/ffiale A ) 0 4J7 


NoNSrt Co Tut 113 U IWh St ^ 1 —Non//' 44 
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Ohio Cmemicai. >\d MtVVPtcrwKC To 1177 1199 Jtjr4u««« S( . N E , 
Cleveland. Ohio — Lennon Cthvlene. 4$ 



494 


INDEX TO DISTRIBUTORS 


406; Si' V ’ *7 ‘ r " ^ - 

Capsule* • \ ■ ■ • 

20 min • . ... 

391 S • ■ . . , . 

Globuli I • • ■ , . 

bined) • • ■ 

Atnpoul • 

U t. " ■ 

(Ilumsi , , 

3S0, Ti . ■ . 

Keactio . • • 

V’accine . . . ’ ■ 

Cm Vials, 26'<. 

pASTtL* iHSTiTtTe OP St Lolis, 3314 Lueas St, St Louis, SIo — Anti 
rabic Virus (Semple), 374 

Patch E L Co , Seoneham Postofficr, Bostcn, Mass —Patch's Flarored 
Cod Liser Oil, 274 


PrraoLAGAk LASOtATOkiES, 8134 MeCorraick Bird, Chicago, III— Petrol- 
agar 235, Petrolagar (with Mdk of Magnesia), 235; Petrolagar (with 
Pfaenolphthalein), 235. Petrolagar (Unsweetened). 255 

Prize*. Chas & Co . Inc , II Bartlett St , Borough of Brooklyn, N Y — 
Calcium Gluconate, 130; Ctneh^fhtn, 440 

PiiysiciANS DiAGvosrtc LAtORAtoaies, 3022 East 14tb St , Oakland, Calif 
—Concentrated Culture of Bactlliis Acidophilus, 252 

PiTziAV MnoKB Co, Indianapolis, Ind — Siomine, 230, Siomiae Capsules, 
1, 2, 5 Grains, 230 

Punt PaoDUCTs Co 204 208 Western Reserve Bldg, Cleveland, Ohio — 
Plant's Magnesia Wafers, 264 


- * St , Chicago, 111 — 
• irine Hydrochloride 
. Mtmkol Cvealyftus 


PaornvucT ■**" 

Epbedri 

Pemco • 

Comfou 

Pt.»lTArt CotirRBSSED Gas Co»ro*ATiov, 2012 Grand Ave, Kansas City. 
Mo— Lthylene for Anesthesia, 45 

Radiuu Chemical Co, Graybar Dldg at Grand, New York, N Y — 
Radium Bromide Radium Beige, 341, Radium Carbonate Radium 
Beige, 342, Radium Sulphate Radium Beige, 342 

Grand Central 


Raoon Co , Inc , 1 East 42nd St , New York, N. Y — Radon, 344 

Reinschild CnCMtCAi Co, 18 Grand St, New Rochelle, N Y— Phenol 
phthalein Agar, 24 

RiCirA»PS pHAiMACAL Co , 284 Front St, New York, N Y — Richards 
Psyllium Seed, 326 

Riepel-de Haev, Inc . 105 Hudson St . New York, N Y — Decholm 104. 
Decholm Sodium, 104: Deebolin Sodium, Ampoules Solution, S, ^ 
per cent, 10 cc , 105, Decholm Tablets 3}i grains, J04, Nostal, 
Nostal Tablets, 0 1 Cm. (Ifl grains). 93 

RieoEL & Co, Berry and South Sts. Brooklyn, N Y — Ovo^l, 103' 
Ovogal Capsules, 103, Salipynn, 327, Salipyrin Tablets, 75'^ grams, 
327. 
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RosiNSON.rrTTET Co , IkC, 522 W JUjn St. Louisville, 1\>— C/uir 
Paraldehyd, 440; of Albumitule af Iren, 440 

WiixiAM Rydbebo Bakins Co, 146 Harvard St, Cambridge Mass — 
Mamficli Agar Agar IPafert, 440 

Sani>oe_ Cbemicai, Wobks, 1’^ , 61 63 Van Dam St , JJew Yorb^ NY — 


Sargent's Drug Stobr, 23 N Wabash A\e, Chicago, III — Petrcbran, 


SCHERIAC & Gu-tt, Inc. 113 West 18tb St, New Yort, N Y — Caniiofen 
Ointment, 225, Collargol. 406, Collareol Ointment, 407, rormalin, 
208, loeamfcn, 225; lopax, 237. Orphdvon Heyden. Ill, Xerofonn, 


Scott & Bowitt, Elmira. N Y.— Swtt’a EmiaUioo C®d Lvver Oil, 274, 
Scott'i Norwegian Cod Liver Oil (Flavored), 274, Seett’a Norwegian 

Cod Liver Oil (I'lam). 274 


SEYott CutulCAL CoMrAKV 135 Halladay St, Jettev 
Alcohol, 50, Betanapbihol Benaoaie, 30$, M 
Beotoate, 284 


City, N. J— Bent>l 
ercury (3tercuric) 
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Clycerinated i acctite L a tr r. 


7«<a»i4j Am ten 


440 l«unu« Antitotm (Dovinej Alultom 4u>> 


TfHeturt of bigtieht. Partfed S&b 440 Tuberculin lofrteutsDcous 
(Bovine Type) Muliord iSO Tuberculin IniraeuUneoue (Human 
Ty^«) Mulford JSO^ TuWrcuUn ‘_01d JO T) Muj/ord^^J^P 


lerculin T R blulford 381 


oBaeterin Mixed (Triple 


Serobacterin Mulford M xed (Senstiied Triple V»ceine 1 
lypho Serobacterio Mulford (Sensiiued Typhoid Vaeeine) 

Zinc Perreanganace Tablets 1 gram Mulford 435 

SaitTit KttHB dL Fsevcic Delaware Are and Poplar St Philadelphia 
Pa — Jentnucleoiide 330 Peniaucleotidr \ laia 10 cc 331 

StiiTit Oit & ReriNiNp Co Rockford III — ^mitha Mmersl 0! 440 

SoairfsEN C If Co 444 /aefeson Are Long Island City A 1 
Inhalant Chloretonc Creosote and Eucalyptol 13S InhaSant Pmr 
Camphor and EucalyPtol 440 

SriCEE & Co P O Box 700 Glendale Calif — Quiniobine 117 Qumm 
b ne Ampules 2 cc JI7 Tariro Qu niobine 12’ Tartro Qu n o 
bine Ampules 2 cc 123 

SouiBB E R & Soxs 40 Bcrkman St New 'iork N Y — Acne \ac 
cine 387 Antimeningococcic Serum 369 Antipneumococeie Serum 
Type J 330 Artphefiotriine 441 Bacillus BuJ^ncus 251 Saw m 
Sulphali " • " - m 441 Cincko 

^(Approx ram 

minimr Punned 

(Anttdit 

Test) ‘ ' ormoia) 

376 Di • (Sheep) 

376 Di ■ without 

Dilution 
191 Et 
sipelas 
Insulin 
222 223 
89 Ipr 
jornta) 
citichoph 


chloride 
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Parathyroid Hormone, 314; FaTalbvTmd Hormone, S cc , 315. 
Pasteur Antirabie Vaccine, 374, Pttnttary Solution, 441, Pollen 
Allergen Solutions, 30, Kalues Vaccine (Semple Method). 374, 
Scarlet Pever Streptococcus AntitoTin Concentrated, 366, Scarlet 
I ever Streptococcus ToTin, 384, Scarlet Fever Streptococcus Toxin 
for Dick Test 401, Smallpo* (yariola) Vaccine (Glycermated), 
441, Solargentum, 406, Solanteotum. Tablets, 4 6 grains, 406, 
Squibb's Lixer Oil with ViosterM 10 D, 27S, Sguibb's Od 

Liver Oil with Viost" i -«»' t - i 

Petrolatum with Aga 
and Phenolphthalein, 

272, Staphylococcus 

phenamine, 0 1, 0 2, . 

Tetanus Antitoxin, 441, Tetanus AnMorin, Purified, 441, Thrombo- 
^ viat. 206. Tluroxin, 

441 0 2. 0 4, 0 8. 2 0 mg , 

42S g, 395, Typhoid Vac 

ein< , Viosterol in Oil 250 


Steasxs, FarotaicK, & Co. Detroit. Midi — Insulin 223, Insulin, 10 
20, 40 Units, 3 cc , lO, 20, 40, 80 Units, 10 cc , 223, Synephrin 
Tartrate, 417, Synepbrin Tartrate Emulsion Compound, 418, 
Synephrin Tartrate Emulsion Plain, 417, Synephrin lartrate Solu 
tion. 3. Sr®. 417, 


TaiLSYNasoM Coupavy, 4 Carlton St, Kendall Square Station. Boston, 
Mass— Nason's Palatable Cod Liver Oil, 273 

Taeauixb LAiotuoav, Ixc. Cliltoo, K /— Hiratbiol, 412 

Tappav Zib Spugical Co, Niack. N Y — Causticks. Caustick Appli 
eatori and Special CausiicL Applicators, 41], Cupricsitcks Cupric 
Applicators and Special Cupric Applicators (Copper Sulphate 20 
2» per cent), 143, Stypiutks. Slyplick Applicators and Special 
Styptick Applicators (Alum 75 per cent and potassium nitrate 25 
per cent), 42 

TBsert-L's Lasosatosies, Medical Arts Bldg. Fort Worth, Texas — 
Babies Vaccine (I’heflolired). 374 

Towi Nolax LABOBAToeY. 2588 Orove St, Oakland, Calif —Laetobtcillus 
Acidopbilus hlilW (Tout), 253 

Ulsieb Labobatobiis, 412 416 S Sixlb St hlinneapoliJ, M>nn — Bilipo- 
sd, lOS, Diliposol Solution. Ampoules, 2 cc, 108 

Unitcd I^abobatobics Inc, 327 Sooifa Fair Oaks Axe, Pasadena, Calif 
—Culture Bacillus Acidophilus. 252 


UKiTfO Statis Stanoabd runnocts Co. Woodworth. Wis — (ntimenin 
(Pirnccic Scrum I'oIyAsIvnt. 360, PifAtiena Antilesin Pefined and 
Concentrated 441, Uiphthcru Toxin Antitoain Mtutiire 0 I I.+. 37fi. 
Piphthrria Toxin Antiioxm Mixture 0 1 L-t* (Goat), 377, Oiph 
theria Toxin .\ntitoxin Mixture 0 1 L4- Non 'teniitiring (^heepl, 
377, Diphtheria Tuiin for Schick Test and Contnl. 400, Normal 
llnrse Serum 354, Itabies Vaccine Cxempie Meihixt), 374, Typhoid 
Paratyphoid Vaccine ComUneJ, 396, Typhoid Vaccine. 395 
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Uekve* D»lc i CiiEMtc\t Co 914 Rdce St Cncmnati Oho— Pbena 
came 55 

West Di5isfECT«\c Co Long Island Cit) N \ — Pbenoco 143 

Wilke* Co Inc The I O Box 13’’ Richmond —D g lal s ff ilber 
TabUh 441 Dig fa! * It tlber Tmeture 441 


Wilson I aBoKAToiies 42'»1 4”5 
441 rpnetlrin 
I I 000 441 / ilHilarjr SoIbIui 


S Western A\e Ch cafo III — 
PauJer 441, fPincfhrtn Selut on 
It V S P Y Obttclrieal 441 


WiNfnKOE Cl EMiCAt Co I\c 170 \ariclc St New \ork N ^ — 
Adalin i26 Adal n Tablets 5 grains (0 3 Cm) 176 Agunn 43'’ 
Afyrm 43 Aristol 226 Cbaulmestrol 135 Chaulmcstrol Ampules 

1 3 Cc 135 Oeosotal (45 Cymarirt I6I Cyraarin Solution 
Ampules 161 Cymarin Tablets 161 Duotal 145 herro-Sajodn 
236 lerro-Sajodin ‘niblets 8 grams 237 Itomocainlin 212 Homo- 
eamiin Ampules 10 per cent (for lotramuscular use) 1 per cent 
(for intravenous use) 213 lothion 229 lothion Oil 229 Luminal 
96 Lum nal Capsules 1)5 grains 96 Lummal Sod um 90 Lum nal 
Sodium Capsules S grams 9), Lum nal Sod um (lowder) Ampules 

2 S grains 91 Luminal Sodium Tahlris }i fi Wj grains 91 

luminal Tablets )( •, 15^ grans 96 Mesotao 351 Mesurol 114 
Mesurol Ampules Emulsion 20 per cent 1 cC )I4 Mesurol Emul 
«on 20 per eeaf 114 \ottsur^ ftorafurol Asipalof, 29S 

Novsspirm 3S0 Novaspinn Tal lets 5 grans 350 Pbanodoro 95 
Phanodom Tablets 3 grains 95 rrotargol 405 Sabrcmin 127 
Sabrom n Tablets 8 Grams 127 Sajod n 236 Sajodia Tableti 1 
Scrams 236 Sslophen 325 Salophen W intbrqp Tablets of 5 grains 
3’’5 Seillaren 11 Ampules 163 SlioJan 239 Sk odao_ oterite 
^olut on (40 per by volume) 239 Solarson 81 Soiarsoti 
Ampules 1 3 ec 81 Sp rosal 35"’ Tann gen 421 Tbeocn 434 
IheociR Soluble 434 Theocm Soluble Tablet* 2)] Jta ns 434 
Theoe n Tablets I A grans. 434 TuJocam 58 Tufoca n Tablets 
Nos 3 5 6 59 Tuiocam Fableis Nos 1 2 4 (with Supraren j) 
59 \eronaI S8 Veronal tl * r of SS Veronal Sod um IDO 
V eronai Sodium Tablets 5 grains 100 V eronal Tablets 5 gra sr 
88 Wmthrop Viosterol in 01 2a0 D 430 


WrETit V DKOTitea Ivc Join 11I8 Washington Are Pbladelpha 
Pa — ff tell i Capiulei D\g tahs Leaf Pffaited 441 



ARTICLES “DESCRIBED” BUT NOT 
ACCEPTED 

In Ihis department, proprietary articles arc described which 
are not acceptable for inclusion m New and Nonofficial Rem- 
edies becau'e unwarranted claims are made for them. Should 
the manufacturer modify these claims or submit evidence 
proving them, the preparations will be acceptable to New and 
Nonofficial Remedies. 

STANOLIND SURGICAL WAX.— A brand of paraffin 
for films, melting at 47 C , being pliable at or below 25 C , and 
ductile at or below 29 C Stanolind Surgical Wax was trans- 
ferred from the body of New and Nonofficial Remedies to the 
“Described But Not Accepted" department of the book because 
it was marketed in such a way as to advertise an unaccepted 
article, that is, a circular advertising the unaccepted article 
was included within the trade package of Stanolind Surgical 
Wax. The Council urged the Standard Oil Company to revise 
its advertising so as to permit the continued recognition of the 
product, but the firm would make no definite promise as to the 
time of the withdrawal of the objectionable advertising. 

Aetions, Utfs and Af>pltcation — See general article on 
Paraffin for Films (Surgical Paraffin, Plastic Paraffin). 

Manufactured by (be .StamlarJ Oil Company (Indiana), Chicago 


BIBLIOGRAPHICAL INDEX TO PROPRIE- 
TARY AND UNOFFICIAL ARTICLES 
NOT INCLUDED IN N.N.R. 


The references given below include first, tlie date of original 
publication of the .article In The Journal A M. A , if it appeared 
there; awl. second, for live benefit of tlvo^c that do not have 
access to files of i he Journal, the place where the description 
may be fouiul iii other publications: “Reports of the Council 
on Pharnucy and OKinistry," “Propaganda for Reform," 
volumes I .and 2. ami "Reports of the A. M. A Chemical 
Laboratory." Some reports have appeared in The Journal 
but not in tiic rejorts and vice versa Council Rcimrts include 
reports on .irtRlcs that have been considered by the Council, 
either at the rccpicst of the manufacturers or on the Council’s 
own inili.itive The names of the manufacturers (or their 
agents) fallow the minis of the preparations, except in those 
in'toiiccs in which a drug is discussed in general, without refer- 
ciKC to the prwluct of any particular manufacturer. 


>iein (Rid Chi-mlol Cn), Tna JneavaL. Icb 13, 191!. p. 606. RtporK 
Coansil Vh»TTn !i Chtm . WH. p 41. rwyasanda. v»'. t. n *i 
Srrn (Olifornia >nl4rtinc 3«un<tsltOB Laboratenei), Tna Jova 
KAl, Ju'r S. ll'l, p 
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Acetylsalicylic Acid, L & F. (Lebn & Fink), Reports Council Pharm A 
Chem , 1923, p 9 

Acnviolct (National Amtmc & CbeRiical Co, Inc). The Journal, 
Feb 6, 1932. p 480, Reports Council Pharm & Chem, 1931 p 7 
Acterol (Mead Johnson & Co), The Jooekal. Oct f, 1929, p 1067 
Activin (Ernst Bischoff, Inc ), The Journal, May U, 1929, p 1783 
Adahn Luminal Tablets (Winthrop Chemical Co), Reports Council 
Pharm & Chem, 1922, p 7 

Adex Tablets, Squibb (E R Squibb & Sons), The Journal, JIarcb 19, 
1932, p 933, Reports Council Pharm & Chem, 1932, p 69 
Adrenal Comp Vaginal Suppositories (H K. Mulford & Co), Reports 
Council Pharm & Cbem , 1923, p 10 
Adrenalinated Tricaleine (Laboratoire des “Produits Scientia”) The 
Journal, March 14, 192S, p. &J6, Reports Council Pharm & Chem , 
1925, p 80 

Adropsedema (Van Seaton Cbemieal Co), The Journal, OcL 10, 1925 
p 1152 

Aerosan Tablets (Aerosan Co o( America), The Journal, Sept 8, 1928 
p 727, Reports Council Pharm & Chem, 1928. p 7 
Afsal (S Lewis Summers), The Journal, Oct 7 1922. p 1264 
Agar lac (E Fougera & Co. Inc), The Journal, Noc 14, 1914, p 
1777, Reports Council Pharm & Chem, 1914, p 124, Propaganda, 
■vol 1 p 10 

Agar Mulsion (Physicians & Hospitals Supply Co ). Reports Council 
Pharm & Chem , 1923, p 8 

Agarol Compound (\Vm R Warner & Co, Inc), The Journal, May 30, 
1925, 9 1682, Reports Chem Ub , 1924 5, p 2Q 
Agmel (Maguey Products Co), The Journal, Oct 12 1912, p 1392 
Ago Cholau (E Bilhuber), Tub Journal, Sept 10, 1927, p 901 
Agrihn (Lebn & Fink Inc). Tub Journal, Match 14, 1925, p 837, 
May 30 1925, p 1682, Reports Chem Lab , 1924 5, p 20, Keporli 
Council Pharm & Chem . 1925, p 7 
Albargin (II A Met? Laboiatories, Ine ), Thb Journal, Aug 25, 1923 
p 677, Reports Couniil Pharm & Chem. 3923, p 10 _ 

Albasil (Ford Pharmicat Co). Reports Council Pharm & Chem, 1931, 


p 296, Reports Council Pharm & Chem, 
vol 2, p 106 , T, 

Alborum (The Whitehouse Chemical Co, Inc) The Journal, pec 12 
1914 p 2148, Reports Council Pharm & Chem , 1914 p 129 
Albuteata (Menley & Janies), Thb Journal. Nov 1, l930, p 13^ 
Alcresta Dental Lotion Lilly (Eli Lilly & Co). Thb /ovrhal, Oct 29, 

Alcresta Ipecac (Eli Lilly & Co ), Tub Journal, Oct 20, 1917. p I3^3> 
Reports Council Pharm & Chem , 3917, p 62, propaganda, vot 2 
p 153 

Aletnn The Journal, Nov 13, 1909, p 1655, Report* Council Pharm 
Si Chem 1909, p 135 

Aletns Compound, Elixir (Paike, Davis & Co), Reports Council Pharm 
& Chem, 1932, p 46 „ , 

Aletris Compound, Elixir (Ray Chemical Co), Report* Council Pharm 
8s Chem , 1912, p 46 

Aletns Cordial (Rio Chemical Co), The Journal, Oct 17, 1914. P 
1411, Teb 13, 1915, p 606, Reports Council PhanP & Chem, 1914 
p 99, Propaganda, >q 1 1, p 43 . 

“Aleuronat” (Glogau & Co), Reports Council Pharm &• Ehem , lyai, 

Alfatone (Norwich Pharmacal Company), The Journal, Aug 7, 1935 
p 548, Reports Council Pharm & (^em , 1915, p 62, Propaganda, 
vol 2, P 28 « ..j, T„. 

Alimentary Elixir of Beef Harts (E J Harts & 

Journal, April 7, 1928, p 1117, Reports Council Pharm S tnem 
1928, P 33 - , f, 

Alkalithia (Keasbey and MaCttson Company), Reports Council mar 

Chem , 1919, p 65, Propaganda, ved 2. P 242 p,„or»s 

Alkalol (Alkalol Co), The Journal. Nor 6. 1915, P ’665, Kepons 
Chem Lab, 1915, p 110 
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Ana^dm {Ernst BischofT Co. Im), Tk* JocawAL, Oct, 5, 1929. p 1065. 

■ ■ ■ jsin (The Anderson Labors 

• • 1 . 1916. p SI 

' ‘ • JOi,»MAL, yiar *, 1907. p 

■ Comcil PharnL & Chen,. 

•, Propaganda, toI 2. p 383 
• ' ' , The JopayAt, Sept. 32, 

■ Cheoi , 19H, p 4S, Reports 

- . /J 1, p 169 

Aniisasa (Orgaaotberapeutie Corpora* on), T«e Jot-avAt, JuJr JO, 1926, 
p 116, Reports Coureii Pham & Chem 1926, p 14 
Anistatnina (M Olivetti), Rei>orta Council Pharm Sc Chem.. 1913, 
^ 362 

Anterior Pituitary Desiccated Lederle (Lederle Laboratories lac). 
The JoutttAL, July 19. 1930, p. 201, Reports Council Pfcarni. & 
Chem.. 1930, p. 26. 

Anterior Pituitary Desiccated P M Co. (Pitman Moore Co), The 
J oCBKAl., June 19, 1930, p 201. Reports Council pharm S. Cbem . 
3930. p 26. 

Antero Pituitary Co (Harrowtr Laboratory, Inc), The JoutyAi, OcL 
16 1926 p 1322 

"Ann Cept (Anti Cept Co.), The Joti'tAt, May 23, 1932, p ISOS, 
Reports Council I’bam A. Chem , 1932, p 9 
Antidiabeticura, Bauer (Samn Gesellscha(t) Tnt Jocekai, July 30, 
1910. p <1S. Propaffsndo, »ol 1. p 267 
Antidysenterie Serum (Farbvretke Iloecbst Co ), Reports Ceuncil Pharm 
4 Chen.. 1917, p 146. 

Antil^innu (Antilomnia Q;ea»cal Co), Tke Jorx>At, June 3, 3905, 
p 1791, Feb 8 1903 e 467. Reports Council Pbam & Chem.. 
1905 S. p 7, Reports Chem. Lab, to 1909, p 60, Propaganda, 
r«l 3. pp 9. 3bS. 30" 

AntiVamna and Uuinm (Antihamma Chemical Co), Tut Joleval, 
July 1. 1905, r $5 

Aflii Malra Pever Serum (II K. Mulford Co), Reports Conncil Pharm 
& Chem. 1917, P 136 

Antimenstem Schmidt (Lahoratonum \V ScfamiJt), Tde Jociytu 
March 8. 1913, p 766, Dec. 6 1919, p 1737. Propaganda rcl 2 
p 403 

Antiopin (Dr EL. Vamadas Cheniieat Laboratory, Kobe, Japan Ualter 
Crauto5, Neiv \ork distnbotor). Tat JootyAL, June 12, 193’. 
p 2062, Reports Council Pbarta. 4 Cbcni , 1932, p 9 
Antiphlogtstine (Denver Chemical Mfg Co), The Jovexai, Jnae 1, 
1907, p 1875, Feb 23 1918. p 5S7, Propaganda, vol 2, p 409 
Anti Faeumococcie Oil (Eiiaer and Amend), The JocayAL, Jan. 3, 1930, 
p 46, Reports Council Pharm & Cbem. 1915, p 52, Propaganda, 
vol 2 p 2S7 

Antipneumococcie Serum Types I II and III, and Polyvalent The 
JOUEHAL, April 5, 1924 p 1133, Reports CoudciI Pharm. 1 Chem, 
1924, P 7 „ , 

Antipneumococcie Serum Combined, Types I, II and HI (The (JUilana 
Laboratories), The Jot-iyAL. April 5, 1924, p 1138, Reports Council 
Pharm. 4 Cbem, 1924, p 7 

Antipnenmococcus Serums Containiog Types I and II Pneumococcus 
The JooEXAl, Sept. 27, 1930, p 935; Reports Cnuicil Pharm 4 
Chem., 1930, p 8 , 

Antipneumoeoceic Serum, Polyvalent (H K. Mulford Co), The 

AAI, April S, 1924, p. 1138, Reports Cbnnea Pharm & Chem, 1924 

~ ^ . Uj-nim IFarbwerlce Hoechst Co), Reports Council 

■ ’ . . •• I. II and HI (The Lederle 

April 5. 1924, p 1123. 

■ V 2 

. • • tute) The JouEVAi.. ^oJ 

. tm 4 Chem. 3914. P 57. 


PropaganOa, »oi i, p 



BIBLIOGRAPHICAL INDEX 


Antisfptie Powder, Tyree's (J S TJrree), Th» JousMiL, Oet. 20, 1906. 
p 1316; Au; 24, 1912, p 666. March 30. 1918, p 949. ^Iay 17. 
1919. p 1482; Reports ConnCit Pbarm « Cbem , 1905-8. p. 22, 
Propafanda, vol 1, pp 21, 4Q4, Fropasanda, vol 2, p 462 
Antiseptic Tablets, Clover (Sharp & Dohme), Tlie Jousnal. Aur 26, 
1911, p 7SS 

Antistaphylococcus Serum (Onirouchs Wellcome & Co ), Reports Coun 
Cil Pharm. A Cbem, 1917. p 137 

Antistreptococeus Serum, Aronson's (Schenn; & Glatz, Ine.), Reports 
Council Pnarra & Chens, 1917, p 146 
Antistreptococcic Serum (Cutter laboratory), Reports Council Pharm 
& Cbesn, 193S. p 8 

Antistreptococcic Scrum (E. R. Squibb tc Sons), Tnit Jovihal, Feb IS, 
1930, p 4S4; Reports Council Iliana. & Cbem, 1930, p 8 
Antistreptococcic Scrum (£]i Lilly & Co ). Tus JoutMAL, Feb IS, 1930, 
p 484, Reports Council Pharm & Chem , 1930, p 8 
Antistreptococcic Seruni (Gilliland Laboratories. Ine ) Tiia Jovinal, 
Feb IS. 1910. p 434. Reports Council Pharm &. Chem . 1930. p 8 
Antistreptocoecie Serum (National Drue Co), The Jouimal. Feb IS. 

1930, p 434, Reports Council Pharm A (TbcPi , 1930. p 8 
Antistreptococcic Serum (ParVe. Dans & Co), The Joushal, Feb IS. 

1930, p 434; Reports Council Phsrm A Chem, 1930, p 8 
Antistreptoeoceie Serum Polwateol <11 K. Mulford Co). Tut Jouskal, 
Feb IS, 1930. p 434. Reports Council pharm A Cbem, 1930, p 8 
Antistreptococcic Serum Polyvalent ((.cderle Laboratories, Ine.}, The 
J ouaKAb, Feb 1$. 1930. p 484; Reports Council pharm & Cbem, 
1930. p 8 

Antistreptococcic Serum PuriAcd and Concentrated (Eli Lilly A Co ). 
Tut JouaKAL, Feb IS. 1930. P <84, Reports Council Pfasrm A 
Chem , 1930, p 8 

Anliitreptececeus Serum "Hoechst" (Farbwerke Iloecbit Co), Reports 
Council Pharm A Cbem 1917 p 146 
Anti SypbQiiie Compound Sweeny (National Laberatones of Pittsburgh), 
Tai JoutXAi,, April 3. 1920, P Hi. Reports Council Pbarm A 
Chem, 1920, p 12, Propaganda vol 2, pp 264, 330 
Afltiibermoliee (C W Carnnek Co.) Ttit Jouikal. Not 1, 1913, 
p 1649 

• ■ ' " . - . ^ Pbarm A Chem. 1918, p SO. 

' • • ports Cvuneil Pharm A Chem 

Lnloerine Foundation (.abora 


. ThK InUsVAL, Oct 2| 1922, 

*oiaiiAL Nov 16, 1927, p 1SS9. 
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A<iuarone (Oxygen AVater) (A<juaton« IJiLoratories, Inc), Reports 
Council Pharm & Chem , IWo, p SO, I’rofaganJj, vol 2, 290 
AfMr Vitae, Reports Council Pbarm tc Ch*m , 1912, p 3S. 

AUC Fiilepsy Renifiljr (Anenan Ucm'Iy Co ), Tiit Jot-mxt., Oct t 
1927 p 9J4 

Argyrol (A C Barnes Co), The JottYAT, March 17, 192’, p 849. 

Iteporu C.tineil I’hnrm A rhen, 1928, n IJ 
Arhovin (Schenng ft data, Inc), llcporls of Council Pharn, & (Hien 
1919. p 66. 1‘reipaBanda voj 2 p 243 
Antinc (Southucit Medical Stipjly Co), The Joukval, Dec. 2£>, 1930 
P 1933 

ArmereennI (llille Lai oratories). Reports Ciunetl Pharn & Chem ,1919, 
p 02, Propaganda, >o) 2. p 24/ 

Arthi-rtal <h Fousera A Co), The /oceval, Feh 26, 1921, p S95. 
Pfojajpnda, \oJ 2. p ^92 

Arsaminc (S I..cv,js Santners), Tiff Jolekal, Sept 1, 1923. p 664 
Arsenauro (Parnele Chemical (2otnraii)), Trit JoufrAt,, Oct 21, 1922. 
p 1446 ’ 

Arsenic an! Mercury, S'liition of (Kew Vorfc Intravenous Laboratory). 
The JocivAL. Aup 2, 1919, p 3SJ, Reports Council Pbarn & 
Chern, 1919 p 2(i, Protai:aii,ia vol 2, p 231 
Arseno Meih llvd See Arsenic on I Mercury, Solution of 
Arienoven, S S (S S I'rclucts Co). T«S jottsVAL. Ainr 2, 1919, 
p 3S3, Reports Council Pharm A Chem, 1919. p 26, Propaganda 
vol 2 p 231 

Arsphenoijs (Swan 'Tyeri Co) The JoutvAi., March 15, 1924, p 88S 
Artermscleroiie Serum (llerradora) (or Intramuscular Use (Seieatihe 
Chemical Co) Titr jouatest, April 28, 1923, p 1259, Reports 
Council Pharm A Chem 1923 p 34 
Arthntine (Horovitt Fmcbemieal I,a^ratories). The Jdusval. Dec ZI, 
1929, p 1974 

Aiepiikons (Chinosol Co) The Jousvai Kov 14 1914, p 1778 
Reports Council Pbarto A Chem, 1914. p 124, Propagan la, vol 1, 

Aiep^lnul (Aseptinol Mfg Co) The JoVEvat, .March 30. 191S. p 949, 
Propaganda vol 2 P 401 

Ateptonei (Scent Ets Co ). Tut Joueval. Jan 14, 1923, p 117, Reports 
Council Pharm A Chem 1927 p 10 
Asmoganglina (Neother Products Co), Tut JoittNAt, June 21, 1924, 
p 2068, Reports Council Pharm & Cbem 1924, p 11 
Aspatol (Standard Chemical Co. Ocs Momes, lotca)" The JouavAt. 

1 cb 14 1923 p S33, Reports (.ouncil Pharm 4 Chem., 1924, p 9, 
Reports Chem Lab, 1924 S, p 113 , 

Aspirin (The Bayer Co. Inc), The JOwevai, Jan 20, 1917. p 2». 
April 13, 1918, p 1097. June 12, I920 ._p 1664, May 14 >’2l. 
n 13S6, June II 1921, p 1697, Reports Council Pharm A Chemi 
1916, p 43, Propaganda, vol 2, pp 116 347, 480 
Aapiro Lithine (McKesson A Bobbins), The Jouenal, May 28, 1910, 
p 1803, Propaganda, vol I p 281 

‘ 1. "'ll r 210, Reports 

■ vol 1, p 85 

■ . Atones), Tue Jo«» 

■ . . ... JouEtfAL, Dee 21 

Aslhrnol (Sapone A Co ) The Jqubvai., July 11, 1931, p 103, Reports 
(Council Pharm A Cbem, 1931, p 12 . 

. . . ’ . . let 17. 1925, p 1234. 

. ■ . . ■ y 18, 1929, P 1629. 


e 21. 1924, p 206S, 
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Atjfchol (Oralee Company), Tin Jouinal, Aug 24, 1929, p 611, 
Reports Council Pharra & Chcm, 1929. p IS 
Aulo llcmie Serum (U D Rogers), TiiB Jousnal, Feb H. 1920, p 477; 
Propaganda, vol 2, p 409 

Autojysin (Autolysin LaWaiory), Tub Jovinai.. July 24 1915, p 3J6, 
Nov. 6, I91S, I'p 1617, 1662, Propaganda, vo! 2, p 4l3 
Avertin (E 107), Tna Joubnal, Sept 8, 1928, p 745 
Axesan (II) (Aaesan Chemiral Co). Tin Jou*sal, Jan 3. 1931, 
P 39 


B Oleum Iodine (B Iodine Chemical Co). Tin Jousnal, Feb I, 
j9ig_ p 4^ Report} 
2. p 198 

• • fccportf Council Pbarm 

• • OutKAt, Nov 14, 1914, 

■ • • 1914, p 125 

• 'Co), Reparti Council 

i>4<.iiii i.mui'i<>ii, KuAu s iiaiuniiAt tmciiM Co). Reports Council 
I'liarm & Chem , 1917, p 146 

RaciHui Aeidophilui Culture*. Tut JoukvAt, Dee 20, 1919, p IS9S, 
Reports Council Pharm. h Chcm 1919 p 5l 
l‘ac(!rii« Aeidriliilus JfiU Hermes (Hermes (.roses Diiry Co), Tin 
louiNAt, .May I*. 1912. p 1744, Re|s»is Council Phaiiii & Client, 
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